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TELEPHONE CABLES. 


REPORT 


OF A CONFERENCE HELD AT THE OFFICE OF THE AMERICAN 
TELEPHONE AND TELEGRAPH COMPANY, No. 18 CORT- 
LANDT STREET, NEW YORK, May 14 AND 15, 1889. 


The following gentlemen were present and took part in 
the discussions: 
EpwaARbp J. HALL, Jr., Vice-President and General Man- 
ager, American Telephone and Telegraph Company. 
JoHN A. BARRETT, Electrician, American Telephone and 


Telegraph Company. 
J. E. CRANDALL, Electrician, Chesapeake and Potomac 


Telephone Company. 
WILLIAM H. Eckert, General Manager, Metropolitan 

Telephone and Telegraph Company. | 
C. H. WILSON, Superintendent, Chicago Telephone Com- 


pany. 
GEORGE A. HAMILTON, Electrician, Western Electric Com- 


pany. 
HAMMoND V. Hayes, Electrician, American Bell Telephone 


Company. 

F. À. PICKERNELL, Superintendent of Equipment, Ameri- 
can Telephone and Telegraph Company. 

I. H. FARNHAM, Electrician, New England Telephone and 
Telegraph Company. 

W. R. PATTERSON, Electrician, Western Electric Com- 


pany. 
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A. S. HIBBARD, General Superintendent, American Tele- 
phone and Telegraph Company. 

JOSEPH P. Davis, Consulting Engineer, American Bell 
Telephone Company. 

J. C. REILLY, General Superintendent, New York and 
New Jersey Telephone Company. 


Mr. Hall (Chairman): Gentlemen, in September, 1887, 
we had a conference here on the subject of telephone 
cables, at which we reached certain general conclusions; 
the object of this meeting is to revise those conclusions in 
the light of the experience of the past two years, and de- 
termine whether the specifications, which were prepared 
on the basis of our discussion then, should he modified in 
any respect, and if so, in what way. As the result of the 
study by this Company of the report of that cable confer- 
ence, a specification was prepared which I will read. This 
specification we believe to be the result of that confer- 
ence. It has been found, however, that the conclusions 
were not in all respects stated so definitely that there could 
be no misunderstanding as to what was intended, and 
cables have been made, chiefly by the Western Electric 

Yompany, on what they supposed to be the conclusions of 
the conference, which differ materially from the ones that 
are constructed on our specifications. Perhaps we can 
more readily get at the matter by having these specifica- 
tions read and then discussing them point by point, read- 
ing in connection with those points such special papers as 
have been prepared bearing on the particular points in 
question. The specifications are as follows: 


AMERICAN TELEPHONE AND TELEGRAPH COMPANY. 


Specifications for telephone cables prepared on the basis 
of the conclusions reached by the Cable Conference, 
September, 1887. 


SIZE OF CONDUCTORS: 


Each conductor shall be of No. 18 Brown & Sharp gauge, 
best quality Lake copper. 


THICKNESS OF INSULATION: 


Each conductor shall be insulated to .125 of an inch, 
with not less than two wrappings of cotton so put on that 
when the conductors are laid up in a cable there shall be 
no substantial compression of their coverings. 


TWISTED IN PAIRS: 


The conductors shall be twisted in pairs, the twists being 
regular and uniform, not less than 2% inches, nor more 
than 34 inches in length. 


REVERSED LAYERS: 


The cables shali be laid up in reversed layers, each layer 
being served with one covering of cotton; the ‘‘ pitch ” of 
each layer shall be as long as is consistegt with necessary 
flexibility. 

The cables shall be so constructed that there shall be no 
substantial compression between the layers or between the 
outside layer and the lead pipe. | 


OUTSIDE COVERINGS: 


The core shall be enclosed in a composition lead and tin 
pipe (for underground cables 97 per cent. lead and 3 per 
cent. tin) of uniform thickness and free from holes or other 
defects, weighing not less than 

34 pounds per foot for 12 inch pipe. 


3 o “ 14 

21 c6 66 13 66 
24 < «€ 14 T 
921 66 cc 1} «c 
9 6€ €6 1 c6 
12 tt € á c6 
14 6c «€ i 66 
1 6é ét i «€ 


Dimensions are for inside diameter of pipe. 


INSULATING MATERIAL: 


The spaces in the core and between the core and pipe 
shall be filled with insulating material which shall give an 
electro-static capacity not exceeding .20 of a microfarad 
per mile and an insulation of not less than 100 megohms 
per mile when laid and spliced and connected with ter- 
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minals ready for use; and such capacity shall not increase 
nor such insulation decrease beyond the limits above 
specified for one year after the cable has been laid and 
spliced, except from mechanical injury. 


(Dated March 27, 1888.) 


Mr. Hall: The points in which the Western Electric 
specification differed from this were that they assumed 
that a cable which did not have a capacity exceeding .20 
of a microfarad complied with the conditions needed. This 
resulted in their putting into the same sized pipe quite a 
large number of conductors, more than could be put in 
under the specification which I have just read. "They also 
made a twist of about eight inches in length instead of 
- about three. The discussion at the conference led to this: 
that the cable should be twisted in pairs, but no suggestion 
was made as to the length of the twist; making the twist 
eight inches instead of three gave them the ability to havo 
a greater number of conductors in the same sized pipe. I 
think those are the only differences, Mr. Patterson. 

Mr. Patterson: I think so. There was another cause 
which led to our crowding the conductors together. The 
firs& work we were called upon to do was in the Sixth 
avenue conduit, where, on account of obstructions in the 
ducts, it was impossible to get so large a cable as would 
have been employed by allowing the full sized wire; and 
the conductors were crowded together somewhat so as to 
use all the spare space in the pipe and still get fifty pairs 
in a cable. — 

Mr. Hall: I have two papers here which I will read be- 
fore we commence discussion on the specifications. The 
first is by Mr. Barrett. 

Mr. Barrett's paper was read as follows: 


NEW YORK, May 13, 1889. 
“E. J. HALL, Jr., Esq. 
“ Vice-President and General Manager. 
“ DEAR SIR: 

'* In the matter of selection of cables for telephone use, 
it is important to come to a conclusion distinguishing 
between the two leading types of cable in the market, in 
respect to their usefulness and economy in the different 
situations in which they may be placed. 
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‘These two types of cable are, on the one hand, those 
in which the insulation consists of a water-proofing rubber 
or other similar compound, and. in which each conductor 
is insulated and protected from waterindependently of the 
others, and on the other hand, those cables, commonly 
called lead pipe cables, in which the insulating material is 
not weather or water proof, the insulation of the whole 
core being dependent on the protection of the metal sheath 
which covers its entire length. 

** In the matter of economy of first cost the advantage 
is so far on the side of lead pipe cables that there has 
never been much question about using proportionately 
large quantities of this cablein spite of certain recognized 
mechanical weaknesses not found in the water-proof in- 
sulations. 

' These weak points in lead pipe cables are chiefly the 
necessity of carefully protecting the ends of the cable 
where the lead pipe terminates and the wires are spread 
out, from the weather and even from the ordinary atmos- 
pheric effects within doors. Every lead pipe cable must 
be terminated in an air-tight head at considerable expense 
and trouble. In addition to this are the great weight and 
stiffness of the cable for purposes of shipment and 
handling, and the almost prohibitive weight of armored lead 
pipe cable in any considerable length for submarine uses. 

'* A further point in lead pipe cables is the fact that the 
whole mass of conductors which make up the core are ab- 
solutely dependent for permanence of insulation and use- 
fulness upon the perfection and durability of the lead pipe 
sheath at every point throughout its entire length. A 
single minute defect in the lead pipe means the loss of the 
insulation of the whole cable at that point. 

*'* But the cheapness of lead pipe cable, added to some 
very important electrical advantages which-it possesses. 
makes it beyond question the best known cable for general 
telephone purposes. The ends of such cable may he 
thoroughly protected by the terminal heads now in use, and 
experience shows that, with care in manufacture, original 
defects in the pipe are so rare as to be inconsiderable. 

** The possibility of subsequent mechanical injury tothe 
pipe in handling, and of chemical decay when exposed to 
the conditions of underground service, raise a point which 
has been the occasion of a good deal of trouble the past two 
years. In this connection I desire to suggest an expedient 
which has been generally talked about, and, so far as my 
observation goes, only very incompletely tested. And this 
is the use of asphalt and a braided jacket as a protection 
to the pipe. The only application of these means which I 
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should regard of any promise of good results is, first, to 
give the lead pipe a thorough coating of a somewhat 
flexible asphalt varnish to be quickly dried on with heat, 
and then to braid outside of this a strong jacket, prefer- 
ably of hemp, which also should be well soaked and coated 
with asphalt. 

* The main dependence for protecting the lead pipe 
against the action of destructive gases should be the 
asphalt which is laid directly upon the surface of the lead. 
The braided jacket would have its chief use in protect- 
ing this inside surface of asphalt and the lead itself from 
mechanical injury and abrasion in handling. When the 
cable is once in place, even allowing that the braided 
jacket may decay and fallaway, it is of the greatest prob- 
ability that the asphalt varnished surface upon the lead 
itself would materially prolong the life of the pipe. 

" [t has not come within my observation that this plan 
has been thoroughly and exhaustively tried. I believe 
that the chances of a good result from it warrant its im- 
mediate and careful test with reference to a further report 
of the facts. 

** I would say that the process of chemical action which 
causes decay of cable pipes in the street seems to be very 
nearly the same as that employed by manufacturers of 
white lead in producing carbonate of lead. In that process 
of manufacture the retort and certain portions of the lead 
itself are, by means of asphalt varnish, completely pro. 
tected from the destructive action of concentrated fumes. 
In the matter of the cables it would seem to be only 
necessary to secure a complete coating of the indestruct- 
ible asphalt. But this coating should be applied to the 
clean surface of the lead itself, and not merely to the out- 
side of the braided jacket. 

“To return to a statement of the distinctive uses in 
which the two classes of cables may be employed to ad- 
vantage; I should say that its flexibility and freedom 
from the need of a cable head, and the ease with which it 
may be rehandled and refitted to meet changes, recom- 
mend the use of the water-proof or rubber compound 
cables in short runs into an office from a pole line. 

«Also for submarine armored cable of above, say 2,000 
feet in length, and especially in exposed places under water 
where anchors are likely to drag, such cables should be 
used. Also for emergency cables to be kept on reels in 
store for temporary runs at short notice, this class of cables 
is serviceable for its lightness and the readiness with 
which it may be rehandled an indefinite number of times 
without injury. But for low electro-static capacity aud 
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for economy in cost there is nothing which can approach 
lead pipe cables for general telephone service and in all 
situations not especially counter-indicated. 

“ The cheapness of the lead pipe cable does not require 
discussion at this point, but low inductive capacity needs 
to be earnestly dwelt upon, since this is the chief burden 
which subterranean telephoning staggers under. 

“This burden is becoming more and more prominent as 
the lengths of underground cables are increased, and as 
greater distances overland are brought into connection 
with the city cable systems. 

“It is the point of chief importance to have this mat- 
ter of low static capacity keenly and thoroughly appreci- 
ated early in the development of the underground cable 
system, so that the steps taken in this direction may not 
be to future disadvantage. 

“ As a result of a cable conference held in your office in 
September, 1857, a so-called Conference Standard Cable 
was agreed upon, which has been more or less closely fol- 
lowed by consumers since that date. In this standard the 
conductor called for was to be No. 18 B. & S., equal to 
.040 inches in diameter, while the insulation of each con- 
ductor was to be .125 or 1 inch diameter. Fifty-two pairs 
of such dimensions cable up into a core of about 12 inches 
diameter, which, with a lead sheath, makes a completed 
cable of approximately 9 inches diameter. The static 
capacity of this cable, using cotton for wrapping the con- 
ductors and paraffine or resinous compounds for filling, 
is in practice found to be somewhat variable, owing 
to different degrees of ud cii applied to the con- 
ductors. This variation is from .18 mf. per mile as a 

minimum to a maximum of .20 mf. per mile. The con- 
ference standard fixed .20 mf. per mile as the maximum 
limit allowable. 

“Since the adoption of this standard by the Conference 
of September, 1357, I have, in connection with Mr. W. D. 
Sargent, of Brooklyn, been engaged in an effort to reduce 
the specific inductive capacity of the wrapping used upon 
the conductors, so as to secure a considerably lower limit 
for static capacity while still using the same dimensions 
for the cable. 

'* We have had an almost unlooked-for success in this di- 
rection in the employment of manilla paper in the place of 
cotton as the wrapping for the conductors. 

** Difficulty in getting our paper covering manufactured 
into core for our use has prevented our putting any large 
amount of this cable into service, or to the exhaustive 
tests which would enable us to determine as closely as we 
desire the difference in specific inductive capacity between 
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paper and cotton; still we have several lengths of cable of 
500 feet each upon which we have at various times made 
tests in connection with Mr. F. A. Pickernell, of the 
American Telephone and Telegraph Company, and Mr. Geo. 
A. Hamilton, now of the Western Electric Company, and 
Mr. Chas. Matchett, of the New York and New Jersey Tele- 
phone Company. | 

“ As a general deduction from these tests, without going 
into a detail of the figures, I have no hesitation in saying 
that, other things being equal, the substitution of paper 
for cotton in the manner in which we have employed it 
will give a reduction of 30 per cent. in static capacity. 

“Mr. Hamilton has a schedule of his tests which he 

may be willing to submit to consideration with his remarks 
upon this subject. 
. “In respect to the mechanical properties of paper for 
cable purposes and the method of manufacture which has 
met our requirements most satisfactorily, I will say that 
such paper as we have used is much less hygroscopic than - 
cotton, and so is easier to prepare in expelliug the latent 
moisture and easier to maintain in high insulation through 
subsequent exposure. It can be laid upon the conductors 
very dense d hard and in smooth, round form, and with 
the requisite degree of flexibility. It is slightly lighter per 
cable foot than cotton. It retains its shape well in cabling 
and is convenient to handle in making splices and connec- 
tions. Its cost per cable foot is approximately the same as 
that of cotton. It is a little cheaper per pound as material 
and a little more expensive in the labor of applying. 

** The cable from which we have secured our good results 
has been made with core furnished us by the Norwich In- 
sulated Wire Company, now of this city. We have tried 
various methods ot applying the paper to the conductors, 
but the product of this company alone has had the requi- 
site hardness, smoothness and flexibility to give us to the 
full degree the good results we have sought for. 

‘In respect to the standard dimensions for cable, two 
inches in external diameter is the size determined upon in 
view of the mechanical conditions of the underground 
problem. "There is a constant temptation and tendency to 
take advantage of every diminution of specific inductive 
capacity of material to the end of increasing the number of 
conductors placed in the given external dimensions and so 
to diminish the cost of the cable per conductor. 

“Thus in the standard formerly fixed, the conductor 
being placed at No. 18 B. & S. and a maximum limit of 
.20 mf. per mile named, as soon as it was discovered that 
a few more than the prescribed number, 51 or 52 pairs of 
conductors, could be squeezed into the space, this was done 
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instead of using the advantage to the reduction in static 
capacity to a possible .18 mf. or .17 mf. per mile. 

‘It seems to me that if this matter of the relations of 
static capacity in cables to the future of the telephone svs- 
tem were appreciated in its full extent, then every gain in 
reducing the specific capacity of insulating media would 
be received with satisfaction for its own sake alone and 
not for the sake of a possible cheapening in the present 
cost of the cable. And I believe that this being agreed to, 
namely, that the telephone companies can afford to em- 
ploy cables in which 51 or 52 pairs go to the two inches, 
then this standard should be adhered to and the chief 
recommendation to a cable be laid upon its low static 
pac The standard of 52 pairs to a2-inch cable was 
substantially agreed upon as the maximum limit of cost 
which local telephone companies could afford for the pur. 
poses of their local service. "The experience of the long 
distance telephone service indicates the necessity of a more 
liberal provision for long trunk lines. A single instance 
will illustrate this point, and will indicate pointedly how 
truly the static capacity of cables is a limiting function of 
telephonic transmission. 

‘The line from New York to Buffalo is approximately 
475 miles, of which about 5 miles consists of the Confer- 
ence Standard cable. Tests indicate that this 5 miles of 
cable constitutes about one-fourth of the whole telephonic 
distance to Buffalo. The practical effect of this is shown 
in the fact that a good Blake transmitter over 470 miles 
of the pole line gives excellent transmission; the same 
instrument through the line with five miles of cable added 
is almost entirely inoperative. 

‘< In this same case of pole line alone the long distance 
transmitter has a good clear margin of safety with which 
to meet the adverse conditions of average service, while 
with the addition of this 5 miles of cable the dependence 
of the same service upon favorable conditions at all points 
is seriously enhanced. 

“ On this account I should recommend for long distance 
trunk line service a special cable standard. My sugges- 
tions for this would be lead pipe cable, No. 16 B. & S. 
conductor, paper wrapping and 20 pairs to the 2 inches. 

‘This cable would probably give about .05 mf. per 
mile. If upon trial it is found that 20 pairs to 2 inches 
would give more than .05 mf. per mile I should reduce 
the number of pairs rather than to run over that limit of 
capacity. 

“The matter of laying up telephone cables in twisted 
pairs with a view to anearly adoption of the metallic cir- 
cuit system seems tq be still open to discussion. 
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“The question is what to do with the wires for the 


» present grounded line service, and still hold them in readi- 


ness for change when the time comes. 

** On the one hand, if the pairs are now broken up and 
distributed for single use in fixed splices, the future diffi- 
culty in opening the cables and resplicing is almost pro- 
hibitive ob such a. course; and against this is figured the 
expense of maintaining the idle wires until the time of 
change if the pairs are connected clear through and one 
wire of every pair for the present is laid aside. 

** This question would seem to depend considerably upon 
the imminence of the general change from single to me- 
tallic circuit systems, and also upon the process by which 
such change is likely to come about. 

* In this connection also the adaptation of all new 
switch boards to the conditions of the proposed Ene 
is of equal importance with the introduction of metallic 
circuit cables. 

** With the switchboards and cables laid out as in New 
York and Buffalo and Brooklyn, with a view to the require. 
ments of the change, the actual difficulty of making the 
change will be comparatively little, and the question will 
be more nearly one of the comparative expense of main- 
taining the two systems. 

‘The usefulness of the metallic circuit system in curin 
all the ills which arise from the interference of extern 
electrical disturbances, and from cross-talk between the 
various telephone circuits, and the little reason there is to 
hope for real help by any other means, cannot be too 
Strongly or persistently stated, with the hope that at no 
very distant day the commercial conditions of the business 
will warrant the transformation. 

‘In conclusion, it hardly need be said that for telephone 
service the pı le line has great advantage over the standard 
cable. The difference in this respect is approximately as 
25 to 1. rer pad wherever the matter is open to 
choice the pole line in preference to the cable should be 
selected for the benefit of the transmission. 

** Yours respectfully, 
'* JOHN A. BARRETT, 
“ Electrician." 


Mr. Hall: Before taking up in detail the electrical speci- 
fications for cables, it seems to me there are one or two 
points that we should establish as a basis. The point 
which I will ask you to consider first is whether the tele- 
phone companies should have a single standard cable for 
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underground work, or whether it is advisable to arrange 
for different specifications of cable to be used for different 
classes of service—different needs. 

Mr. Patterson: Mr. Chairman, I should be inclined to 
think that the specifications might be varied to suit differ- 
ent circumstances, such as Mr. Barrett referred to in the 
case of the line from here to Buffalo. The five miles of 
cable from the central office to Fifty-eighth street is and 
always will be a permanent part of that line, while from 
the office to the subscriber it is varied according to the dis- 
tance of the subscriber from the office. It seems to me 
out of the question to make a cable with the specitication 
as low as Mr. Barrett recommended, .05 of a microfarad, 
for the entire underground system of the city. 

Mr. Hall: I will say right here that I had intended to 
except from this the Long Distance trunk line cables. 
When that matter came up at our former conference it was 
determined that we would try and arrange for a standard 
specification adapted to telephone exchange service; that 
if this, having been made as good as the telephone compa- 
nies could afford, did not prove to be adapted for the Long 
Distance trunk lines, then the Long Distance Company 
itself must make some other provision. So that you can 
drop out of this discussion the question of cables for the 
Long Distance trunk lines, and consider the specification 
purely as a basis for local exchange service. 

Mr. Barrett: My opinion about that would be just what 
it was a year ago, at the former conference, and that is, 
for situations in such cities as New York and Brooklyn 
and in other large exchanges, single standard cables would 
be vastly preferable to having many standards, to be 
varied and figured upon in an attempt to meet the condi- 
tions that arise in telephoning. We use one standard of 
bell-ringing magnets, and, excepting in long distance 
lines, one standard of ring-off; one standard of telephone 
receivers, and one standard of transmitter coil. There is 
no at'empt made in any other branch of telephone appli- 
ances to try to fit the electrical specifications of the ap- 
paratus to the conditions; and it seems to me that it would 
involve the companies in an enormous amount of trouble 
and complication to make any attempt to fit their under- 
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ground cables to the special conditions that might arise 
from time to time. If you have one standard of cable for 
use underground in New York City and in Brooklyn and 
in Boston and in Chicago, and in the other large cities of 
the country, it seems to me that the whole problem of 
underground work would be vastly simplified, especially 
so if after the standard were set up it should be followed. 

Mr. Wilson: Mr. Chairman, it seems to me that the 
proper way to lay a foundation for this work is for the 
specifications for exchange lines to be in the shape of a 
certain maximum resistance and capacity per line, regard- 
less of its length; that is, you can make your specifica- 
tions for long distance cables if you like, and then tell us 
local companies what will be the maximum static capacity 
and resistance which will be allowed in our local lines. 
We can then adapt our cables to the length of our lines. 
As an instance, if we are going to have local lines that we 
connect with long distance lines, eight or ten miles in 
length, and other lines only half a mile in length, it seems 
a useless expense to build those half-mile lines with the 
same kind of cable that we would employ for ten-mile 
lines; and it would be all the same, so far as the results 
are concerned, if we got good service from all of them, or 
as good service over the short lineas we did over the long. 
I am decidedly not in favor of adopting the high standard 
for short cables where there is no earthly necessity for it, 
and for that reason I think we should have not only two 
standards, but possibly several standards in our exchange 
work. For instance, if you Long Distance people would 
say to us, We will allow you .4 of a microfarad static 
capacity and 75 ohms resistance in your local circuit,” we 
would try to arrange our subscribers’ lines accordingly; 
that is, we would use better cables for our trunk line ser- 
vice than for our local subscribers’ service, and we would 
perhaps use the same kind of cable for long exchange lines 
as for trunk line service; so that the electrical conditions 
of the different circuits would average about the same. 
We would in that manner save a great deal of expense in 
our construction work, as a majority of the telephone lines 
are very short; and in arranging these specifications you 
are naturally providing for the longest of them. 
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Mr. Barrett: The question would arise just how much 
the local companies are going to arrange their facilities to 
suit the long distance circuits. If the thing is going to be 
arranged amongst the local companies on the basis of do- 
ing long distance work, or fitting long distance conditions, 
that puts a different face on the question ; but considered 
locally, merely for local communication from one sub- 
scriber to another within the city, the subscriber who is 
near the office has to be connected with the subscriber who 
is more distant probably quite as often as he has to be con- 
nected with a subscriber who is also near the office; so 
that giving a subscriber who is near the office adverse con- 
ditions to work through does not help the result when he 
is connected with a subscriber who is fifteen or twenty 
miles away. 

Mr. Wilson: That is all true, but the idea of the Chicago 
Telephone Company is to do all of its construction work 
from this time on with a view to long distance work, 
and when we do that the local work takes care of itself ; 
that is,when we provide for long distance work there will 
be no difficulty in working between any of our local in- 
struments. 

Mr. Reilly: Mr. Chairman, I think Mr. Wilson’s idea 
could be carried out without much difficulty where the 
system is an underground one, and where thecables would 
be run in a certain district and the subscribers confined to 
that district ; but in a general system, such as exists to- 
day, when a cable takes in a wire two hundred feet from 
its terminal and another two miles or five miles, it would 
not work so well. I think that the Long Distance Com- 

pany should as far as possible provide all the margin that 

is required in trunk lines to overcome the deficiency in 
the local service ; that is, it would not be possible for the 
local service—the local companies—to put down wires gen- 
erally that would serve for transmission to any part of the 
country, and I thinkit would devolve on the Long Distance 

Company to provide trunk lines of sufficient capacity to 

overcome that lack of conductivity on the part of local 

wires. 
Mr. Wilson: I am not entirely familiar with what the 
local conditions are in New York and Brooklyn in regard 
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to that matter; but so far as Chicago is ‘concerned it 
would be a very easy matter for us to arrange our cables 
in the way that I have suggested ; in fact, our plans are so 
laid out that there would be no difficulty whatever on that 
score. Our long wires are laid out in trunk line routes, 
and in those places we would undertake to use a more 
expensive cable, one possessing better electrical condi- 
tions in the respects under discussion, than we would on 
the short cables. In fact, we hope to be able to utilize 
a great deal of the cable we now have on our short lines, 
and at the same time obtain first-class results, and re- 
sults which will be equally as good as those obtained 
on longer lines, under the new plan of construction. 
It certainly seems absurd to me to build a line half a 
mile in length which is never connected with any other 
line excepting at the central office, where you get di- 
rect connection with the long distance wires, at the same 
expense and with all the precaution that you would 
naturally take with very long lines; and the facts of the 
case are that a majority of our lines are very short. The 
argument might be advanced that the long distance 
lines have to pass through a great many cities, and in the 
aggregate you would have a long line of underground; but 
I don’t think that is at all necessary, I think the long dis- 
tance can be built around the cities. All the work in 
Chicago is planned so that the long distance work will 
not have to go through the City of Chicago, excepting that 
part of it which is local to Chicago. 

Mr. Farnham: Mr. Chairman, it seems to me, judging 
from our own city, that it would be rather difficult and 
perhaps not advisable to undertake to make two or three 
different standards for local work or for exchange work. 
It seems to me, as I recall our own cables, that in almost 
all instances there are long wires and short wires con- 
nected in the same cable, and certainly those subscribers 
near the central office on an average are the most import- 
ant subscribers; in other words, they are the subscribers 
carrying on the heaviest business and doing the most tele- 
phone work. I think that would be true usually in the 
central part of the city. Those are the subscribers that 
most frequently connect with long lines, and where they 
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are connected with long lines their cable becomes a part 
of it. It seems to me desirable to get the quality of their 
cable, even though it be a short one, as good as we can 
possibly afford to do. If it was necessary to have a cer- 
tain amount of retardation and difficulty in a long line, it 
does not seem to me that it ought to follow that on a short 
line we could figure that same amount of difficulty in 
there and yet work. 


Mr. Hall: You would rather give your subscribers the 
benefit of whatever advantage there might be from better 
cables on the short lines? 


Mr. Farnham: It seems to me so. If we are now con- 
sidering cables for your company's work or for lines of 
extreme length I would agree with Mr. Wilson that we 
ought to make differences. I hardly think we could afford 
to make cables of .05 of a microfarad for local work, and 
if we are going to limit it to something like .2 it seems to 
me we ought to give the short subscribers the benefit of 
that low capacity. 


Mr. Hall: As I suggested at the outset, we might leave 
out of the discussion the question of the long distance 
trunk line cables. I did not intend, however, to convey 
the impression that the Long Distance Company had no 
interest in the cables used in the exchanges, but that the 
exchanges should be considered, for their own service and 
for their use, as the terminal system of long distance lines. 

Mr. Wilson: My notion about that thing, Mr. President, 
is just simply this: that it would simplify the work for 
the Long Distance Company if they knew just exactly 
what they could depend upon in each city that they were 
io gothrough. Of course they have got to provide for 
the worst possible condition; that is, the facilities have 
got to be so that the longest lines can talk, and ought 
to be so that the longest lines will talk well. Now, 
if we should decide upon à maximum electro-static 
capacity and a maximum resistance for our local lines 
in cities, of course we could build our lines under 
that limit just as far as might be found practicable; 
but the Long Distance people would know just exactly 
what they would have to expect, and when they put in 
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wires underground between cities, or under rivers, why, 
they could afford to put in the very expensive cables and 
they could avoid the accumulation of static and resistance 
through intermediate cities and towns by building around 
them. In special cases in cities, so far as Chicago is con- 
cerned, where we might have customers who do a large 
amount of long distance work, why, we would be per- 
fectly willing to give them special facilities; but I don't 
think that would be necessary if we get our specifications 
proper at the start. I am not in favor of using very ex- 
pensive cables where it is not at all required, and I am in 
favor of using cables at any expense—any reasonable ex- 
pense—where it is required. 

Mr. Crandall: Mr. President, I would like to say on 
behalf of the Chesapeake and Potomac Company that our 
present system is a single grounded wire, and I would like 
to state the condition of affairs as far as the subscribers 
are concerned. Out of our 1,500 subscribers our cable varies 
so materially in length that we find from practical experi- 
ence that there are just as many instances where the short 
lines of subscribers are connected with the longer lines, as 
is the case otherwise; and as far as I am concerned, I should 
greatly prefer to havethe very best working condition, the 
very best electro. static capacity. 

As far as I am concerned, and our Company, we would 
like the standard to be the very best for our local work. I 
am speaking particularly for our local work. Our sub- 
scribers cover a radius of about ten miles, and I would 
rather see our cable made of one perfect standard, the 
electro-static capacity the very best, as may be decided 
from time fo time from the experience of others, because 
our short line subscribers have just as much business with 
our long lines as with other short lines—to be sure, our 
longest cable at present is something less than 7,000 feet— 
but the business through that cable is just as heavy in con- 
nection with the shorter line subscribers as with the others; 
and so it isin Baltimore. Our business is separated and 
very much scattered, and now that we are coming to the 
necessity of using metallic circuit cables, my preference 
would be to have a standard cable; not two kinds, but one 
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kind; not cables made to suit the conditions, because our 
conditions are so different, but one standard cable, with 
the very best electrical “conditions, electro-static capacity 
and insulation, as found by the judgment of those using 
the metallic circuit cables. Of course we will expect to do 
long distance work through our cables, and I think that 
our cables should be made to suit all conditions and every 
emergency, and that we should not have different cables 
for different purposes. 

Mr. Hall: Gentlemen, this question is before you for 
consideration and we would like to have a full discussion. 

Mr. Reilly: Mr. Chairman, I am personally strongly of 
the opinion that a standard cable should be adopted for 
use in cities for metallic circuit work and that the type of 
cable should be such as will give the best general results. 
As Mr. Farnham suggested, the subscribers who are near 
the office might as well have all the benefit that there is 
in the short wire. The matter of using up the old style of 
cable now on hand, I think, had better be left out of the 
question; there may be more or less of it, but I think the 
best thing to do with that cable is to put it in the junk. I 
don't know how seriously that might affect Mr. Wilson. 

Mr. Wilson: About $200,000. 

Mr. Reilly: You could get $100,000 (s?c.) out of it, 
probably. 

Mr. Hibbard : Mr. Chairman, inasmuch as the local ex- 
changes seem to have defined limits of three or four or 
eight or ten or fifteen miles, it would seem that if you 
made a standard which would apply to this limit it would 
take in everything else. There is no time when you may 
not be called upon to make one of the short line parties a 
portion of one of your longest lines, even locally; and if 
you put in only one standard of underground, which 
would take in the maximum distance, it would, of course, 
benefit everybody else. Ithink that we would feel better 
in running into an exchange if we knew just exactly what 
they had underground—if the cables were all alike, and 
the same as we would find in other large exchanges. I 
should think it would be as much of a benefit to the local 
company as to ourselves, if, for instance, in running into 
Detroit we could feel that we hit the same underground 
conditions as in running into Chicago. If acertain stand- 
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ard could be arrived at which would apply all around, I 
think it would make the problem much simpler and much 
more easily handled. I know of ónly one exchange, and 
that is New York, that would absolutely need more than 
one standard. I think it might be figured out that in 
New York, if a better cable were used on trunks between 
exchanges which are very far apart, perhaps it would be 
of enough benefit to make it worth while to put it in. 
Elsewhere I don't think I know of any other conditions 
that are just exactly like those. 

Mr. Hamilton : Mr. Chairman, this is rather a new field 
to me, but it seems to me it is very undesirable to have a 
multiplicity of standards. I think, however, that there 
would be no objection to having two standards, one for 
the short lines and one for the longer trunk lines of the 
city. I might suggest a mile, perhaps, for what we would 
call a short line; and the capacity and resistance of a short 
line should not then exceed the capacity and resistance of 
the longer lines in the city. The objection that I see to 
one uniform standard is that to get the best results it 
would not be very economical; the shorter lines would 
cost too much proportionately, it appears to me. If the 
question of expense does not enter into it, I would be in 
favor of one single standard, and that for the longest 
distance. 

Mr. Wilson : Mr. Chairman, as I understand it this dis- 
cussion, while it applies to local work, is especially appli- 
cable to long distance work. Now it seems to me that if 
we decide on the maximum burden (and make ourselves 
perfectly safe in doing so) that the long distance lines can 
stand, that anything that we do within those limits ought 
to be satisfactory to the Long Distance people; and it sim- 
plifies the thing wonderfully. Now, so far as throwing 
away all this property is concerned that some of us have 
got, it is all nice enough to talk about it here, but when 
we come to try to reconcile that with the ideas of some 
of our directors, it is another thing altogether. I don't 
want to throw away any more of our underground plant 
in Chicago than is going to be necessary to give us strictly 
first-class service; and our Board of Directors is perfectly 
willing to have me make any expenditure there to enable 
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us to give our subscribers strictly first-class service with a 
view to long distance work; but I don’t want to place our 
Company in the position of spending a very large amount 
of money with absolutely no beneficial results. Now, if 
we start out on the basis of say five miles underground, 
and allow ourselves say one microfarad capacity for static 
capacity and a resistance of say 300 ohms for conductivity, 
I could make every circuit in Chicago come within those 
limits, and at the same time I could save a great deal of 
money by using large and short cables to reach our patrons 
who are very close to the central offices, and cables which 
would cost very much less per conductor than the cables 
that we would use on the longer circuit. Our long circuits 
are not so many in proportion to the short circuits but 
that the saving would be something enormous in dollars 
and cents. 

Mr. Patterson: As I understand Mr. Wilson's plan it is 
to have the specification high enough so that a combina- 
tion of the two longest lines he has got will still leave 
plenty of margin; then even if the specifications of the 
shorter cables are considerably under, when one of those 
is combined with one of the long ones, he has then more 
margin than in the case of the two longer ones; that is, 
making all the circuits entering the central office of what 
you might call the same electrical length instead of the 
same absolute dimensions. 

Mr. Wilson: Not necessarily the same. 

Mr. Patterson : Nearly the same. 

Mr. Wilson: But having a maximum limit. If we 
wanted to use a cable designed for our longest lines for a 
special short line we would do so; and that would sim- 
plify the whole problem, it seems to me, so far as the 
Long Distance Company is concerned. They would know 
just exactly what they had to build. 

Mr. Barrett : Taking the figure that Mr. Wilson states 
for the maximum static capacity allowable, one microfarad 
for a city cable, the observations which we have made 
would indicate that that would very seriously interfere 
with his long distance communication between Chicago 
and Buffalo, with the lines as they stand now. One 
microfarad of static capacity in the cable from here to 
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Fifty-eighth street does very seriously interfere with the 
transmission between New York and Buffalo; and the 
distance overland from Buffalo to Chicago is a little greater 
than from New York to Buffalo. 

Mr. Hall: I think Mr. Wilson suggested those figures 
simply as a matter of illustration, not with the idea of 
fixing any standard. 

Mr. Wilson: That was the idea. 

Mr. Hall: You did not intend to fix those figures at all? 

Mr. Wilson: No, I suggested them, thinking that there 
would be criticism, and I made them as high as I thought 
the Long Distance representatives here would stand. 

Mr. Reilly: 'That was based upon five miles, was it 
not, Mr. Wilson! 

Mr. Wilson: Yes. 

Mr. Reilly: That would be .20 per mile? 

Mr. Barrett: That was fixingit at just what the standard 
now is. 

Mr. Hibbard: I would understand it also that his prop- 
osition is that he would make his lines of half a mile 
measure just as high as a line three or four miles long. 

Mr. Wilson: In that you are mistaken. I would not make 
them the same, but I would agree not to make them any 
more than that. Asa matter of fact, the line half a mile 
long would not have any more static capacity than our 
standard for exchange cables would naturally make it for 
that distance. 

Mr. Barrett: There is one point I would like to raise 
right here, and that is whether the question of using old 
cables cannot be profitably separated from the fixing of a 
standard for the purchase of new cables hereafter. It 
seems to me that both branches of the question should be 
considered in that light, and not make the desire to use up 
old cable affect the problem of determining the standard 
for ordering new cable. 

Mr. Hibbard: Mr. Chairman, it had been generally de- 
termined, I thought, at the earlier nieeting, and reinforced 
by its general adoption locally here and in Boston and in 
a number of other cities, that we were not to runover .20 
of a microfarad per mile in anything that is put in under- 
ground. I would infer that this discussion reopened the 
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question and brought up the suggestion óf the adoption of 
a cable which in the length of half a mile might measure 
.20 microfarad, which would be double the capacity 
measurement of what had been adopted heretofore; and 
as I remember it, at that time it was thought that the com- 
panies might afford to put in a cable which would contain 
100 or 109 wires, being about fifty pairs; and it would 
seem that if we want to do anything we want to improve 
on that. This discussion would appear to involve the ad- 
visability of doing something worse, from an economical 
standpoint. 

Mr. Eckert: The average length of our lines in New 
York is about half a mile, and I should be very much in 
favor of a standard cable, the very best cable that could 
be made. 

Mr. Hibbard: I would like to ask Mr. Eckert if anything 
has transpired in the underground work of the Metro- 
politan Company that would make it appear that putting 
as low as 102 wires in a cable is prohibitory. 

Mr. Eckert: No. 

Mr. Hibbard: Are there any economical reasons that 
would make you think that you would have to put 200 
wires in one duct? 

Mr. Eckert: I don't know that I could answer that ques- 
tion; I have not given that sufficient thcught; but a cable 
with 100 conductors, or 50 pairs, of the very highest possi- 
ble standard, as an average cable for all service in New 
York, is, in my opinion, the proper thing to have. There 
has been so much expense in the matter of cables in the 
past few years, and not only in cables but in switch- 
boards and everything else, that the time na come now 
to have a standard finally settled upon. 

Mr. Hibbard: If something has transpired which makes 
it appear that the companies have got to put more than 
100 wires in a duct, I think that the question of this elec- 
trical limit on each line might be brought up; otherwise I 
think it might remain on its basis of mileage measurement. 

Mr. Wilson: I would like to ask the question of Mr. 
Eckert as to why he puts the limit on 100 conductors. As 
long as you have the same electrical qualities why not use 
a larger cable? 

Mr. Eckert: We cannot use a larger cable in New York. 
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We can use a 100-conductor cable here, a 2-inch cable. 
As the work is laid out for underground we cannot use a 
larger cable unless they change the condition of the sub- 
ways. 

Mr. Wilson: I understand you have some three-inch 
pipes in which you put in two-inch cables. Why could 
not those cables be two inches and a quarter? 

Mr. Eckert: The joint on the Patterson cable brings it 
up to nearly two inches and a quarter. The cable that 
we are pulling now is an inch and three-quarters. There 
is no reason why it should not go up to two inches. 

Mr. Wilson: That would make the cable two inches and 
a quarter? 

Mr. Eckert: Yes. The question of the flexibility of the 
underground cable must be considered. I don't know that 
it should be here more than any other city. Idon't know 
that you could plan a cable larger than two inches, with 
18 American gauge wire, with any very good result. 

Mr. Crandall: Can a two-inch cable be pulled through 
a two and a half inch duct? 

Mr. Eckert: Yes, but the question isin drawing the cable 
out what the result would be. There would be great 
danger of abrasion. 

Mr. Crandall: The idea seems to be put in a two and 
a half inch duct for a two-inch cable. I consider it a 
right close fit, but it seems to be considered that it can be 
handled all right. 

Mr. Eckert: We think it can, though the cables are liable 
to abrasion; but we are confined in New York in the space 
we can allow, particularly in Broadway, and any of the 
thoroughfares here, and the cable is liable to be injured. 

Mr. Wilson: In Chicago we have pulled two-inch cables 
into two and a half inch ducts and pulled them out again 
and found the cables not injured in any respect. 

Mr. Crandall: About what length? 

Mr. Wilson: 400 feet. 

Mr. Crandall: That is the longest? 

Mr. Wilson: Yes. 

Mr. Eckert: We have drawn out 300 and 400 feet lengths 
in New York and put the same cable back in other ducts 
and it works well to-day. 
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Mr. Crandall; Have you 700 feet lengths? 

Mr. Eckert: In two or three cases. 

Mr. Hall: I don't think the size of the cable is material 
in the discussion, because whether you have one or a dozen 
standards you can arrange the size of your cables to be 
of a single dimension, whatever you may select, and then 
make your electrical specification to fit your different 
lengths; that is, in one you would have more conductors 
than you would in another. 

Is there anything further to be said on the question as 
to whether we shall have a single standard cable for tele- 
phone exchange work, or whether we shall undertake to 
establish a number of standards? 

Mr. Barrett: Mr. Chairman, I would like to have Mr. 
Wilson say, if he will, how much his position on the ques- 
tion is affected by the desire to use the old cable, and what 
he would do in ordering new cable. 

Mr. Wilson: I don't see that that would affect my posi- 
tion in any degree. It would besimply a question of time, 
that is all, in replacing our old cable. Our old cable will 
all be replaced, so far as its present location is concerned; 
but if I am not mistaken it will be utilized to some extent. 

Mr. Eckert: Mr. Wilson, you speak of the old cable: 
what kind of cable? 

Mr. Wilson: It is of various kinds, but the peculiarity 
of it is that the conductors are not twisted. 

Mr. Eckert: Murder will out. 

Mr. Barrett: Have you ever tried to use that stylo of 
cable on a metallic circuit? Have you ever connected up 
a series of conductors on a metallic circuit and tried them 
for interference? 

Mr. Wilson: Yes, and with very unsatisfactory results. , 

Mr. Hall: Mr. Davis, have you anything to suggest on 
this point? 

Mr. Davis: Nothing new. I am inclined to think, so 
far as New York is concerned, there ought to be two 
standards, one for the long trunks and one for the local 
lines. 

Mr. Hall: Then, in discussing the standard, if we agree 
upon the single standard, with reference to New York, it 
would be understood to be the local standard cable. 
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Mr. Barrett: If you had long distances to run you 
would exceed the dimensions of the local standard? 

Mr. Davis: Yes; we have trunk lines here probably 15 
miles long. 

Mr. Barrett: Then I would like to ask Mr. Hall whether 
the standard would be likely to remain that of the limit of 
.20 of a microfarad per mile, or whether that would be 
reduced? 

Mr. Hall: What we want to agree upon now is the basis 
for our discussion of the specification, whether we want 
to discuss one standard or two or more. The situation in 
New York would practically be that each exchange here 
would represen‘ practically what constitutes one of the 
small exchanges of other cities. 

Mr. Barrett: I see no reason why a standard for local 
work should not be set up, and then a higher standard for 
trunk lines with longer connections could advantageously 
come in under a special provision. 

Mr. Hibbard: Mr. Chairman, I would like to ask Mr. 
^ Davis if, asa matter of economy, they find from experi- 
ence that putting 100 wires in a cable is all right; or if on 
an economical basis it is necessary to put in more than 100 
wires on these local exchanges? 

Mr. Davis: We are placing the subways for cables of 
100 wires, and we are giving enough subways to provide 
for all the subscribers that we expect in any district with 
cables of 100 wires. 

Mr. Hall: Providing for fifty customers? 

Mr. Davis: Fifty customers to the cable. 

Mr. Hibbard: Inasmuch as no other exchange has the 
amount of underground ahead of it that New York has, 
or indeed in use, it would seem that if that were adopted 
as a standard—that is, putting 10? No. 18 wires in a duct, 
in a cable—it would make the matter of determining this 
question comparatively simple; because we find, I think, 
that the local exchange lines, extending the average 
length of the local exchange cables, are all right, and if 
this opinion is borne out by the other licensee companies 
represented, I should think we would have to make a 
standard which would apply all around. 

Mr. Patterson; 1f the standard is to be made by the size 
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of the cable instead of the old limit of .2 of a microfarad, 
I think two different standards will be necessary in New 
York for local work on account of the different sized 
ducts. For instance, some of the work on Sixth avenue 
has the Dorsett conduit, and some on Fifty-eighth street, 
I think, and it will not allow a two-inch cable to be pulled 
in on account of the obstructions and irregularities in the 
ducts; but a cable can be pulled in of about an inch and 
three-quarters, which would still come within the limit of 
.2 of a microfarad per mile; while in the smooth iron 
pipes in the lower part of the city a cable two inches and 
a quarter might be pulled through, which for fifty pairs 
would give a much lower capacity; or if the same capacity 
was held to, a larger number of conductors might be put 
in the cable. 

Mr. Eckert: The Fifty-eighth street underground be- 
tween Sixth and Third avenue should not be considered, 
because that is full of mechanical defects. The street 
gave away in some way, and the Construction Company 
had to go to work and take every one of the ducts out. 
I don't think that Fifty-eighth street should be consid- 
ered. 

Mr. Patterson: I think some of the Dorsett conduits in 
Sixth avenue will be found actually too small to get a two- 
inch cable through. 

Mr. Farnham: We find that in our system we can easily 
put in sixty pairs, and we are putting them in now, though 
in other respects conforming to the standard. It seems to 
me that the standard should be based on the electrical and 
mechanical conditions, and not absolutely on the size of 
the cable. 

Mr. Davis: I think most of the companies who are put- 
ting down subways now are putting three-inch ducts in- 
stead of two and a half. Perhaps it is not best to confine 
the discussion to two and a half inch ducts. 

Mr. Hall: To sum the matter up, I think perhaps it 
would be as well for each one to give his conclusion, as 
the matter has been pretty fully discussed, in answer to 
this question: Whether for ordinary telephone exchange 
work it would be advisable to have a single standard 
cable? 
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Mr. Reilly: Electrically, without reference to its size, 
you mean? 

Mr. Hall: The specification, I think, will necessarily be 
electrical. We will agree afterwards as to what that 
specification shall be; but the question now is whether we 
shall have one specification or more than one for ordinary 
exchange work. 

Mr. Farnham: And this shall not apply to the number 
of wires in the cable? 

Mr. Hall: This has no reference whatever to what the 
specification shall be, but simply whether we shall under- 
take here to agree upon one or more standards for ordi- 
nary telephone exchange work. The question as to the 
number of wires in your cable, or what the specifications 
are to be in any respect, need not enter at all into your an- 
swer to this question. 

Mr. Crandall: When you say ordinary telephone work 
you include the trunk lines and the short lines, do you, or 
just the short lines alone? 

Mr. Hall; No, I think we should take simply the condi- 
tions prevailing ordinarily through telephone exchanges, 
leaving out the special conditions which would prevail in 
New York as to very long trunk lines. When you intro- 
duce very long trunk lines you are bringing in what is 
practically the same as the long distance service. 

Mr. Eckert: Mr. Chairman, our trunk lines to Harlem 
and into New Jersey aud Brooklyn have a very severe 
strain. 

Mr. Hall: We will leave out the trunk lines. If you 
are ready for the question, I will ask all who are in favor 
of a single standard to say aye. 

(Voted to adopt a single standard cable.) 

Mr. Hall: There is another point which will perhaps be 
important for us to settle before we discuss the electrical 
specifications, and that is to agree upon the outside di- 
ameter of cables for underground work; that is of import- 
ance in this way: Having agreed upon that, we will base 
all our discussion on what we will put in the interior of, 
say, a two-inch lead pipe. If there are local conditions 
which would enable the company to use larger pipes, or 
cases where it would be necessary to use smaller pipes, it 
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would be understood that the electrical specification was 
to prevail and not the size of the pipe; but if we adopt a 
two-inch pipe, if that be decided to be the best size for 
average purposes, then our future discussion will be on 
the basis of what we will put into such a pipe. So many 
companies are projecting underground work that I think 
they would like very much to have an expression of 
Opinion from the gentlemen here as to whether for aver- 
age practice two inches is about the right size. 

Mr. Reilly: Is that two inches on the outside? 

Mr. Hall: Outside diameter. 

Mr. Patterson: I think on account of mechanical con- 
siderations two inches and a quarter would be the largest 
that could be counted on for the outside diameter of the 
cable. Two inches would be a very convenient size to 
handle. 

Mr. Reilly: I agree with Mr. Patterson on that. 

Mr. Farnham: So do I. 

Mr. Reilly: Two inches and a quarter can be reached: 
but beyond that there is considerable buckling of the lead 
in making bends. 

Mr. Patterson: In making a cable larger than two inches 
and a quarter outside diameter it is necessary to make the 
lead very heavy to withstand buckling and bending of the 
pipes, and also withstand mechanical injury, which it is 
liable to receive from its own weight in handling it. 

Mr. Crandall: Besides, I should think it would be very 
awkward to pull it through. 

Mr. Patterson: It can be pulled through in lengths up 
to 500 feet. 

Mr. Reilly: That depends in a great measure upon the 
material of the ducts. With creosoted wood conduits you 
could pull in a thousand feet as easily as you could pull 
in three or four hundred through an iron duct. 

Mr. Patterson : If it is an iron pipe it is supposed to be 
reasonably smooth, with no burrs. 

Mr. Barrett: If it is ultimately decided to put on a 
braided jacket on the outside that would increase the lead 
pipe of two inches to two and a quarter inches. 

Mr. Reilly : As a matter of fact you can get a two anda 
half inch cable into a three-inch pipe without any injury 
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to the cable; so that you could make your cable up to a 
limit, outside diameter, of two and a quarter and still put 
on the jacket, braid or tape. 

Mr. Crandall: I think a two-inch pipe is heavy enough 
when you consider the switchboard and the terminals. It 
makes a very heavy pipe even with that diameter. May I 
ask for information about what a cable two inches in dia- 
meter would weigh per foot? 

Mr. Barrett : I think the lightest lead that it would be 
safe to put on a cable of that kind would make the cable 
complete about five pounds per foot. 

Mr. Hall: If you are ready for the question, those who 
are in favor of adopting two inches as the outside diameter 
of the lead pipe will say aye. (Carried.) 

Mr. Patterson: I suppose it is understood that where 
braid is considered necessary that braid is in addition to 
the two inches of lead pipe? 

Mr. Hall: Yes, or else the cable would come under one 
of those peculiar cases where the size would have to be 
adapted to the necessities; but what we want to agree 
upon is, what we would use under average conditions, 
where we can to some extent control the conditions. 

Mr. Reilly: I think it should be understood that the dis- 
cussion now has reference to lead-covered cable. 

Mr. Hall: It was so understood. We now have for 
consideration what sort of cable we will put inside of the 
two-inch lead pipe. The first item of our specifications is 
as to the size of the conductors: 

* Each conductor shall be of No. 18 Brown & Sharp 
gauge, best quality Lake copper.” 

Shall we specify that in our standard cables? 

Mr. Barrett: Mr. Chairman, in the absence of any very 
definite observations on that point, my general impression 
is that that is still the best wire to hold to. 

Mr. Wilson: Mr. Chairman, I am in favor of No. 18 
wire. I think that in the specifications as we present 
them to the manufacturers the resistance should be speci- 
fied to cover joints that might be made in the cable; that 
is, I mean the resistance per mile should be specified as 
well as the gauge, so that any poor jointing would be a 
consideration. 
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Mr. Hall: What would you suggest for that? 

Mr. Wilson: I would suggest the resistance not to exceed 
35 ohms per mile. That allows a little margin. 

Mr. Hall: You want the temperature to be added to that? 

Mr. Wilson: I think that is at 60 degrees, if I remember 
it. 

Mr. Hamilton: Would not the mere specification of the 
conductivity of the wire be sufficient in that case to cover 
the whole ground? 

Mr. Wilson: It ought to be, but the number of the 
standard gauge would not be objectionable. 

Mr. Hall: If you specify conductivity simply, they can 
insure themselves in getting conductivity by putting in a 
slightly larger gauge, covering up bad joints. 

Mr. Hamilton: I beg pardon. If you specify what the 
conductivity of the wire shall be, they cannot change that 
at all; that is, with reference to pure soft copper. 

Mr. Hall: The percentage of conductivity? 

Mr. Hamilton: Yes. 

Mr. Hall: I understood you to say fixing it at 35 ohms 
per mile. 

Mr. Hamilton: No, I did not specify that; Mr. Wilson 
did. | 

Mr. Pickernell: Mr. Chairman, on account of the diffi- 
culty in ascertaining the temperature to which the cable 
is subjected, would it not be better to state that the vari- 
ation in the different conductors should not exceed a cer- 
tain amount? 

Mr. Hall: Mr. Hamilton's suggestion covers that—that 
we fix the conductivity at a percentage of pure copper. 

Mr. Pickernell: I would like to ask Mr. Hamilton how 
he would make a specific conductivity test on a Patterson 
cable. 

Mr. Hamilton: They could furnish samples of the wire 
put in. 

Mr. Pickernell: If they furnished samples they would 
not cover the joints at all, and they would have to fur- 
nish pretty good sized samples, I think, in order to get fig- 
ures that would be at all satisfactory. Thesamples might 
be tested to see whether they are Lake copper or not, as 
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distinguished from Western copper. That would be a 
chemical test. You see there is no good method of getting 
at the temperature of an underground cable. We com- 
monly take the temperature of the water from the hy- 
drant, and that is unsatisfactory, of course. 

Mr. Reilly: It seems to me, Mr. Chairman, that the 
specification should call for a certain percentage of copper, 
pure copper. 

Mr. Wilson: Mr. Chairman, I would like to hand you a 
copy of the specifications used by the Chicago Telephone 
Company, which is made up from the specifications which 
have already been read, with a few changes (producing a 
paper). 

Mr. Hall: The Chicago Company’s specification is this: 

* Each conductor shall be of No. 18 Brown & Sharp 
gauge, best quality of Lake copper, 98 per cent. pure, with 
a conductivity resistance per mile not greater than 35 
ohms.” 

Mr. Patterson: I understand the object of that is simply 
to specify the size of wire and its quality, and then intro- 
duce a mileage resistance to cover the cable after it is laid, 
including the joints and terminal connections. 

Mr. Wilson: Thatis the idea exactly. 

Mr. Barrett: It seems to me that the specification of 
the Chicago Company covers the whole ground. Any one 
who was disposed to go to the expense or trouble of 
making the measurement could check off the percentage 
of conductivity, but it would be an expensive and trouble- 
some thing to do. 

Mr. Hall: I would suggest that we adopt the Chicago 
specification as to that point. 

Mr. Hayes: Mr. Chairman, the conductivity measure- 
ment is a very difficult thing to do, even before it is made 
up into a cable, as I have found in the experience of the 
past few years, and I think the requirement of 98 per cent. 
is too high. I don't see why a resistance per mile with a 
given diameter would not properly cover the requirement. 

Mr. Pickernell: I would like to suggest that the copper 
that my friend speaks of is hard drawn, whereas this is 
soft. 
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Mr. Hayes: T accept the correction in that respect, but 
I think it would be extremely difficult to make any meas- 
urement, and practically it would be impossible. 

Mr. Pickernell: It seems to me if you measured every 
conductor of a cable and found that the bulk of them, say 
90 per cent. of them, ran along about the same as they do 
in practice, and found that the remaining 10 per cent. 
showed a variation from the standard, all being greater, 
you would be pretty sure that there would be some poor 
joints there. Of course, all those conductors are of the 
same temperature. 

Mr. Hibbard: Is it not advisable also to include in this 
specification the diameter in thousandths of an inch, in 
order that any possible misunderstanding may be avoided 
in regard to the gauge? 

Mr. Hall: No. 18 Brown & Sharp gauge is pretty de- 
finite. 

Mr. Hibbard: In view of the misunderstandings that 
have occurred in this business with No. 18, as to whether 
it was B. & S., or A. W. G., Birmingham, and a few 
other things, it would be possibly an advantage to include 
the diameter measurement in thousandths of an inch. I 
should say that if that were added to the Chicago speci- 
fication it would seem very perfect. 

Mr. Hall: There can be no possible objection to putting 
it in. 

Mr. Reilly: I think it should be there. 

Mr. Hall: What is it— .040? 

Mr. Reilly: Yes, sir. 

Mr. Barrett: A small fraction over. 

Mr. Reilly: .0403, I believe. 

Mr. Hall: What is it, Mr. Patterson? 

Mr. Patterson (referring to tables): .0408. 

Mr. Hall: What will we take for the resistance? This 
stands now: ‘‘ with a conductivity resistance per mile not 
greater than 35 ohms." 

Mr. Reilly: That includes the splice in the cable after it 
is laid? 

Mr. Hall: After it is laid. 

Mr. Really: It seems to me that is an excellent one to 
adopt just as it stands now. 


92 


Mr. Hall: The specification does not say ‘‘after it is 
laid," however. 

Mr. Reilly: It should say so. 

Mr. Hall: I have added to the Chicago specification, 
“after the cable is laid and connected with terminals.” 
That, I understand, you want. The measurement after 
the cable is down ready for use? 

Mr. Wilson: That is correct. 

Mr. Patterson: There is one other point that might be 
considered here, and that is whether that is margin 
enough to allow for the increase in resistance on account 
of the high temperature that you get in some locations 
near steam pipes. We haven't any figures on the con- 
ductivity of such wires. I don't know whether they are 
hot a long enough distance to render that margin too 
small. 

Mr. Wilson: If that is based on a temperature of 60 
degrees you can make allowance for any variation of 
temperature. 

Mr. Patterson: It is almost impossible to tell what the 
temperature actually is, but it should be understood that 
in case we can show that there is a temperature of 140 
somewhere in the neighborhood it could be considered. 

Mr. Reilly: It would certainly have considerable effect 
upon the measurement. 

Mr. Hall: I will insert here ‘‘ at 60 degrees,” and in the 
case that you give, if a cable is subjected to the influence 
of steam pipes or anything of that kind it will be a matter 
then between the manufacturers and the buyers to adjust 
what allowance ought to be made for those local differ- 
ences. The specification as it stands now as to size of 
conductors is this: 

** Each conductor shall be of No. 18 Brown & Sharp 
gauge (.0103) best quality of Lake copper, 98 per cent. 
pure copper, with a conductivity resistance per mile not 
greater than 35 ohms at 60 degrees F. after the cable is 
laid and connected with terminals." 

If there is nothing further to be said and no objection, 
that will stand as our conclusion. Is there any objection! 

(No objection is made and specification adopted.) 

Mr. Crandall; Mr. Chairman, I would like to ask before 
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going further if 35 ohms is the resistance of that sized 
wire at 60 degrees—if that is really so? 

Mr. Wilson: No, sir; it is a little in excess of the resist- 
ance; just how much I don’t remember. 

Mr. Hall: I think it is 33.6, something of that kind. 

Mr. Patterson: It leaves margin enough to cover any 
ordinary care in splicing. 

Mr. Wilson: That is about the way it runs, actual 
measurement. 

Mr. Farnham: I think that 33.7 is the table for pure 
copper. There is not much margin in 35 ohms I should 
say. . 

Mr. Hall: We will look that up during the recess. I 
think it would be well to adjourn now for lunch before 
taking up any further points for discussion. 


INTERMISSION. 


AFTERNOON SESSION. 


Mr. Hall: Before undertaking to discuss the electrical 
specifications I think it will be well to have read the 
reports which we have from several of the telephone com- 
panies as to the cables now in use and their condition. I 
will ask Mr. Eckert to read his report from the Metro- 
politan. p 

Mr. Eckert: This is more in the shape of a memoran- 
dum, as you did not ask for an extended report. I will be 
excused, I hope, from making any report. 

Mr. Eckert read the following paper: 


* EpwARD J. HALL, Jr., Esq., 
* General Manager American Telephone and Tele- 
graph Company. 
** DEAR SIR: 

“I beg to submit the following report of underground 
cables used by the Metropolitan Telephone and Telegraph 
Company. | 

‘‘The total cable mileage is 641 miles, and the wire 
mileage is 6,3293. 

‘ The kinds of cable in use are: 

“The Brooks oil system. 

‘ The Edison system. 
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** The Patterson straightaway. 


* The Western Electric Conference, twisted-in-pairs, — 


and the Waring (standard). 

‘“ This latter cable is not actually in use, it only now 
being laid, but not yet tested. The number of feet to be 
drawn into the ducts is 5,622. 

**'The Brooks system was completed May 28, 1885, con- 
necting our Spring Street Exchange. The greatest 
length of this cable is 2,449 feet; No. 18 American wire 
gauge. A portion of this cable, laid west of Broadway, 
through Spring and Mercer streets, gave very fair service 
for about two years, but in consequence of mechanical de- 
fects i& was found impossible to keep the oil in and the 
water out of the ducts, and it therefore became necessary 
to abandon it. East of Broadway, through Spring street 
to the Bowery, the cable, starting with 400 wires and 
dropping off at different terminals (about 50 to each ter- 
minal), is still in service, but is rapidly deteriorating. The 
insulation has fallen from 30 megohms when laid first to 
100,000 ohms, and this portion of the cable will also have 
to be abandoned in a short time. We are now arranging 
to place in the subways in Spring street regular twisted- 
in-pair underground cables to take the place of the Brooks 
system. 

“The Edison system at our Twenty-first Street Exchange, 
running east and west from Broadway, was completed 
June 21, 1885. This cable is to-day as good as when first 
laid. The greatest length of this cable is 1,725 feet. The 
insulation when laid was 500,000 ohms, and the static 
capacity forty hundredths of a microfarad per mile. The 
conductors in the Edison cable are transposed about every 
60 feet. The insulation to-day is 550,000 ohms, and the 
static capacity thirty-eight hundredths of a microfarad. 
There is no cross-talk in these cables, but on long lines, 
say a trunk line to Brooklyn or Jersey City, retardation 
is perceptible. 

“The Patterson straightaway cables were drawn into 
the Dorsett conduit, on Sixth avenue, between Twenty- 
first street and Fifty-eighth street, and completed April 
1, 1887. These cables consist of one 90 conductor, No. 14 
American gauge; one 100 conductor, No. 16 American gauge, 
and one 110 conductor, No. 18 American gauge. Two of the 
three cables are in use only, the other one having been cut 
out of service by the Board of Electrical Control taking 
down our terminal pole. There is considerable cross-talk in 
these cables. The insulation when laid was from 500 to 
1,000 megohms per mile, and the static capacity was 
twenty-five hundredths of a microfarad per mile. 

‘“ There is a deterioration of these cables of from 500 to 
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30 megohms—the average being 30 megohms. These 
cables have suffered considerably from the large number 
of splices it has been necessary to make in connecting 
with house terminals. 

“The Western Electric Patterson twisted-in-pair cable 
is the cable most generally in use. The greatest length of 
any one cable is 5.88 miles—from No. 18 Cortlandt street 
to Fifty-eighth street and Eighth avenue. Forty metallic 
circuit conductors arein service. Theaverage insulation of 
this cable when laid was20.7 megohms per mile. This test 
was made in August, 1888. We have made no recent test on 
this cable, but I understand that tests have been made both 
by Mr. Pickernell and Mr. Hamilton. 

“The Western Electric Patterson twisted-in-pair aerial 
cable, placed on the Brooklyn Elevated Railroad, fully one 
mile in length, is workiug fifty subscribers on one side, 
the other side being carried to ground. The insulation of 
this cable when first placed on the railroad was 71 
megohms per mile, and the static capacity nineteen hun- 
dredths of a microfarad. The insulation has fallen to an 
average of 7.6 megohms per mile. Our electrician states 
that the cause of this deterioration in the insulation of 
this cable is due to the large number of splices in it ; only 
short pieces of cable being utilized when it was put up. 

‘There is no cross-talk in this cable. 

“The 50 conductor Patterson straightaway under- 
ground cable in Brooklyn was laid in January, 1886, its 
length being 3,880 feet. The insulation was then 27 
megohms per mile. It is virtually in the same condition 
as laid. This cable is transposed at every splice. 

** In general, there does not appear to be any marked 
deterioration in any of our cables from chemical action or 
gases; but we have suffered considerably at certain locali- 
ties from excessive steam heat causing a deterioration to 
the insulation of certain cables. Referring to the cable 
between 18 Cortlandt street and Fifty-eighth street, one 
of the causes of deterioration of this cable can be directly 
traced to the steam heat pipes crossing Church street at 
Fulton and Vesey streets. 

** Between 18 Cortlandt street and the anchorage of the 
Brooklyn Bridge at Water street, we have twotwisted-in- 
pair Western electric cables—the route being through 
Cortlandt street to Broadway, north on Broadway to Park 
Row, through Frankfort street to the Bridge. In conse- 
quence of the great heat emanating from the Steam Com- 
pany's přpes, at Vesey street and Broadway—209° Fahr.— 
we placed a section of dry special cable where the heat 
was the greatest. The highest test for insulation was 452 
megohms per mile, and the lowest 226, made a few days 
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ago. One of these cables is in service, one side of the pair 
being used and the other side being grounded; and the 
dud cable has about 20 conductors working on one side 
only. 

. * I would here state, that in order to get the best possi- 
ble service out of these two cables, and the aerial: and un- 
derground cables to the Brooklyn Exchange (in Brooklyn), 
we propose to place twisted-in-pair cables on the Bridge, 
and we have now two Okonite 36 conductor twisted-in- 
pair cables ready forservice, and I may say in actual ser- 
vice. 

** In conclusion, I would state that the twisted-in-pair 
underground cables to-day, where they are entirely used 
as metallic circuits, pure and simple, are giving complete 
satisfaction, and where we are working one side only, the 
other side being grounded, we are getting good service. 

** Yours truly, 
* W. H. ECKERT, 
‘“ General Manager.” 


Mr. Hall: Mr. Hamilton, will you read your report of 
cable tests now? 

Mr. Hamilton: This is a summary of a lot of capacity 
tests made on different cables. 

Mr. Hamilton read the following paper: 


* REPORT OF CAPACITY TESTS OF COTTON-PARAFFINE; 
Cotton, ROSIN AND OIL; AND PAPER, ROSIN AND OIL 
CABLES. 


‘The first cable tested was a cotton-paraffine cable ex- 
tending from the Telephone Building to Fifty-eighth 
street. Tests were made on the 8th inst. 

** Considerable difficulty was experienced in making the 
tests both with this and the Spring street cable, but the re- 
sults may be considered fair approximations. 

** The dimensions given for this cable are: length, 26,770 
feet (5.07 miles). Diameter of conductor, .040 inch; of in- 
sulation .125. 

* Number of conductors, 104 (52 pairs). All conductors 
except the one under test were grounded at the testing end; 
open at distant end and terminals wiped dry. Ten con- 
ductors were tested, the capacities of which varied from 
eve .186 to .194 mf. per mile. The average of all is .19 
mf. $ 

** Rough insulation tests of a few conductors were made 
in order to get an idea of their condition approximately. 
Generally, the insulation found was not very good, 
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althou ue one conductor, No. 8, showed about 304 megohms 
per m 


Mr. Patterson: In reference to this cable through Sixth 
avenue it is a modification of the standard specification, so 
that fifty pairs of conductors were put into a pipe an inch 
and a half inside diameter, the wires being compressed so 
that the minimum insulation or minimum size of the wire 
is a tenth of an inch instead of an eighth. 

Mr. Hall: That is, the cable which Mr. Hamilton has 
just reported on, in which he states the insulation at .125, 
is, as a matter of fact, about .100? 

Mr. Patterson: The minimum is.100 and the maximum 
.195. The average is somewhere between. 

Mr. Hamilton continued reading his paper as follows: 


“ The next cable tested was No. 19, extending from 
the Telephone Building to Spring street. 

** Length, 6,520 feet (1.935 miles); other dimensions same 
as for Fifty- eighth street cable. 

** The mileage capacity varied from about .194 to .21 mf., 
the average for 10 conductors tested is .20 mf. 

“ Insulation not high; but with this, as well as with the 
Fifty-eighth street cable, the discharge key was worked so 
close that loss of charge from leakage could not have 
amounted to importance. 

On the 9th inst. two cables were tested in Brooklyn. 
The first was co dps of 983 feet of paper-covered and 32 
feet cotton-covered conductors insulated with rosin and oil. 

** Total length, 1,015 feet (.192 mile); number of con- 
ductors, 102, of which 42 were wor king, the others, except- 
ing one under test, were grounded. 

** The mileage capacity varied from .116 to .145 mf. per 
mile with an average for the 16 tested of .132. 

* Cable No. 102, cotton covering with rosin and oil in- 
sulation, was next tested. Number of conductors, 102. 
Length of cable,1,111 feet (.2104+ mile). Thirty-one wires 
working; all others, except one under test, grounded. Of 
the 10 conductors tested the lowest mileage capacity 
found was .185 mf.; the highest .195, and the average 
.189 mf. 

‘< Comparing these figures with those obtained for the 
paper covering, the results show lower capacity for the 
paper cable, as follows: 

“Taking lowest figures, 2: % + 
* highest 26% 
“ — average *'' 30%-+ 
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“ An attempt was made to measure the diameter of in- 
sulation both for this cable and for the one in which paper 
was employed, but accurate results were not attainable. 
The conclusion arrived at was that they were a trifle over 
.125 inch. The diameter of conductors in the cotton cable 
was .035; that of conductors in the paper cable .04 inch. 
Insulation for both over 1,000 megohms per mile. 

‘On the 11th inst. a 74 conductor cotton-paraffine cable 
was tested at Philadelphia. 

** Length, 2,474 feet (.468-++ mile). Diameter of conductor 
and insulator, conference standard. 

* Of 29 conductors tested, the lowest showed .173 mf. 
per mile; the highest, .190 mf., and the average is .181-++ 
mf. During the tests 14 pairs (?8 wires) were working, all 
others grounded. The considerable differences between 
the capacity of different wires, I assume, in the absence of 
other explanation, to be due to their relative distance from 
grounded wires; at any rate, the differences are explain- 
able on this supposition. 

“Iam not familiar with what was done at the previous 
conference, but at the risk of repetition I think it well in 
this connection, to suggest the propriety of embodying in 
specifications for capacity tbe explanation that such 
capacity is meant to be the capacity of one conductor 
with all the others in electrical connection with the 
ue or lead covering, or, if an aerial cable, with the 
earth. 

** My reason for referring to this now is the fact that a 
case was quite recently brought to notice in which earthing 
of wires was neglected, and, as a consequence, abnormally 
low capacity, on paper, was obtained. 

** GEO. A. HAMILTON. 

* NEW YORK, May 13, 1889.” 


CAPACITY TESTS. 
NEW YoRKE, May 8, 1889. 


Patterson Cable; Telephone Building to Fifty-eighth 
street. Length, 26,770 feet (5.07 miles) ; 104 conductors ; 
Nos. 1 and 2 crossed; all others, except one for test, 
grounded. 


Nòs iuusscuoduesdus .19 mf. per mile. 
d e het IE .1864- 
MMC HN 189+ 
Osea eee a 19 
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No. 8...-..---------- .186-++ mf. per mile. 
E EAEE .19 
p rS .19 
bcnc uud .19 
12s See cesar eed .194 
Average........ .1895 (19) 


Insulation not generally good; the lowest less than half | 
a megohm, the highest about 304 megohms per mile. 
Cable said to be near steam pipes. 


CAPACITY TESTS. 
NEW YORK, May 8, 1889. 


Patterson Cable No. 19; Telephone Building to Spring 
street; 6,520 feet (1.985 miles); 104 conductors, all 
grounded, except one for test. 


AO PDoicencericecd ss .21-- mf. per mile. 
———— A 21+ 
 ————— — — .104 
 ——— .20 
DEAE i M eG .20 
EET .194 
d EAE A E E EEE L 
Svetcesccaceseces .184 
Depeche os .20 

TU. edite esset .194 
Average........ .1996 (26) 


Insulation not very high ; cable said to be near steam 
pipes at points. 
CAPACITY TESTS. 


BROOKLYN, N. Y., May 9, 1889. 


Cable No. 30; 983 ft. paper ; 32 ft. cotton ; total length, 
1,015 ft. (.192-+- miles). 


d for paper cable.... .04 .... .035 for cotton. 
p v S PAPE 412952951957 ? 


102 conductors ; 42 working ; rest grounded. 
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No. 51 cond........... .194 mf. per mile. 
DA. sxessusvEe .139 
00. A Settee .194 
Ol.  — acl .122 
D MEMENTO .1164- 
7 DE .1454- 
Di. ^ 9o. ees .133 
65 ......... 129+ 
DO. — llwemees .142 
Of as mbzeses 141 
OS — duibonsix5s .1306 
09. —  l&eseséesst .1324- 
dU. eee begs .128 
75 Seesececes .135 
(Uo Nes .130-4- 
UO — lentes .136 

Average....---- .182 


Insulation over 1,000 megohms per mile. 


CaPACITY TESTS. 


BROOKLYN, N. Y., May 9, 1889. 


Cable No. 102; cotton and rosin and oil, 1,111 ft. (.2104 
mile). : 


as oe ee eee .035 
| D EEE meee ae SEEE TAA .125 in 
31 wires working ; others grounded. 
No :2-:6000.o2su2t sse .191 mf. per mile. 
E .189 
6 2222505506 .186 
ANN E .185 
IOG J| .222:55 vx .186 
I2. Suone esu d 
DE. ——— —aoecteesxu .191 
JO: tees .185 
IS. assessur .1929 
DU. curatus .195 
Average.......- .1888 (.189) 


Mileage insulation over 1,000 megohms. Temp. of hy- 
drant water, 02? F. | 
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CAPACITY TESTS. 


PHILADELPHIA, PA., May 11, 1889. 


Patterson cable terminating at Long Distance office, 
South Fourth street. Length, 2,474 ft. (.468-+ mile); 74 
conductors; 28 working; others, except one for test, 
grounded. 


No. 45 cond........... .1734- mf. per mile. 
46 dtalasc c Pis 
re .185 
dS. 2 8 E E .185 
AD sags class .181 
90. because .181 
D]  ~#eeeeccese .189 
DU —— dwuwusssese .190 
So. uostsescec 187 
Of wesseccwss .185 
UO" — gir de 183+ 
56 mv 
57 aaraa iB 
58 P nn 
7 AEN .1864- 
BG: Nm .1864- 
DI. ——— - S&S se 177 
E E 177 
Co —— osse ATT 
0d.  wsceuceece .176 
GO — incus .185 
OD — geese .187 
67 SEE 
DS.  ceeredeveu grounded. 
69  .......-.. 174+ 
TO NN eem 174-4 
Tk. —— ES ewe .176 
12 uatssavesa .176 
(t. sah ceushs ciii - 
;; RN 174+ 

Average....... .1813 


Insulation from 28.6 to 114+ megohms per mile. 
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Mr. Hall: Mr. Crandall will please read his statement of 
the Washington cable. _ 
Mr. Crandall read the following paper: 


** UNDERGROUND CABLES. 


** All of the underground cables used by the Chesapeake 
and Potomac Telephone Company in. Washington contain 
single, grounded wires. 

“We have in use eight 100-wire and twenty-one 
50-wire Patterson cables, with a total mileage of 1.5854. 

‘Our longest 100-wire cable is 6,073 feet in length, and 
was laid in January, 1885. We have, however, some 50 
and 100-wire Patterson cables which were laid as early as 
May, 1884, and which arenow giving us very good results. 
While there has, of course, been some deterioration in in- 
sulation, the cables yet gave us when they were last tested 
an average insulation of 75 megohms per mile. As we did 
not have the factory measurement of the cables when they 
were laid, I am unable to say just what the total deter- 
ioration in insulation has been. 

'* Qur Southern Division underground cables were the 
last laid and show a higher insulation per mile than those 
in our other division, giving us an average insulation of 
261 megohms. Our Eastern Division averages 205 megohms; 
our Western, 170, while we get an average static capacity 
of .207 microfarad per mile. 

“We get quite an amount of cross-talk through our 
cables, especially in rainy seasons, which is almost entirely 
due to imperfect cable boxes. We have, in fact, been com- 
pelled to substitute new and perfect cable boxes for old ones 
In every case. We are now using boxes which are imper- 
vious to dampness. 

“ Weare using some Phillips cable laid in May, 1884, the 
last measurement of which shows but .7 of amegohm per 
mile, and it is almost impossible to distinguish in this cable 
between an open wire and a closed one, the leakage to the 
ground due to poor insulation being very great. 

** Nearly all of our cables are laid in asphalt prisms, with- 
out manholes. l 

** The question of protecting telephone instruments and 
cable conductors from heavy and dangerous electric cur- 
rents is one of increasing importance when we take into 
consideration the cost of cables and of switchboard appa- 
ratus. It is self-evident that the protector that is sure to 
work every time, and thus prevent any injury to cables or 
exchange, is the cheapest, whatever the price may be, to 
say nothing about the labor-saving feature of an automati- 
cally operating device which obviates the necessity of 
opening the cable boxes in all sorts of weather, thus letting 
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in dampness with its attendant evil effects on the connec- 
tions at the terminal. 

“ Until recently this company used fusible wire in its 
cable boxes to protect its cables. If the wire is very small, 
say No. 36 German silver, or if a strip of tin foil is used, 
every severe lightning storm will burn out 25 per cent. of 
the protectors, causing hours of delay in re-establishing 
the service of the subscribers, while perhaps on the even- 
ing of the same day another storm will undo all that had 
been done a few hours before. 

** We find that a fusible device is not a safeguard where 
telephone wires are liable to become crossed with other 
wires carrying either low tension or large quantity cur- 
rents. We have had eight switchboard annunciators 
burned out through our fine wire protectors. On April 6, 
1889, two of our lines became crossed with the trolly wire 
of the Eckington Electric Road. Our wires run through 
one of our longest Eastern Division cables which is still 
protected with fine wire. The cross was on about an hour, 
and from April 6th to date we have discovered S wires 
crossed in the cable, while 8 or 10 show very great leak- 
age, and we are not certain yet to what extent the cable is 
injured. This cable is a 100- wire Patterson, 6,073 feet in 
length. The electric current which did the damage was of 
500 volts and 125 amperes. 

** J. E. CRANDALL, 
** Electrician." 


Mr. Hall: Mr. Reilly, will you read your paper, please? 
Mr. Reilly read the following paper: 


* The New York and New Jersey Telephone Company 
have at Brooklyn connected and serving three principal 
offices 15.8, miles underground conduit, consisting of 98 3, 
miles duct, of which 6243, are of creosoted wood and 36 of 
Dorsett conduit. Two-thirds of the creosoted conduit laid 
por to 1887 has ducts 2 x 3 iuches, the remaining third 

as 9] x 3. inch ducts. 

'*'The Dorsett conduit, intended to measure 2 inches 
in the ducts, actually falls to 13, on account of rough 
joints, and has been but little used on this account. 

* [It is intended to lay all future conduit with 3-inch 
us and in all probability extensions will be of creosoted 
wood. 

“ Recent examination of the creosoted conduit discloses 
hardly any deterioration, externally or internally, and the 
conduit seems to be as dry and clean as when first laid in 
the latter part of 1584. 
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" Destructive action upon the lead covering of the ca- 
bles appears to be more or less severe in all the creosoted 
conduits. 

* Specimen 1 shows the condition of the covering of a 
cable laid January, 1885, and removed September, 1888. 

** Specimen 2 shows the condition of cable placed in 
May, 1886, and removed September, 1888. In this case the 
action upon the lead seemed to be most severe on the por- 
tion in contact with the bottom of duct. 

** Specimen 3 shows the condition of covering of cable 
laid in May, 1886, and removed in March, 1889, on account 
of transfer of Central Office. 

‘“ Specimens 1 and 2 were placed in conduit laid in 1884 
and 1885. 

** Specimen 3, placed in conduit in 1886, shows much 
less injury than either specimens ! or 2 and other cables 
of the same type in conduit, which are still in use and 
working well, with no more evidence of injury than is 
shown in specimen 3. The street conditions are the same 
in each case. Those are specimens of cables all covered 
with what is supposed to be pure lead. 

‘‘ Cables covered with an alloy of tin and placed in the 
various conduits since June, 1885, show little or no trace 
of deterioration, although it is evident there is a slight 
action, showing carbonate of lead in some cases. 

“ Professor Plympton, of the Brooklyn Subway Com- 
mission, stated to me lately that the only dangerous ele- 
ment discovered in the wood treated with the dead oil of 
coal tar was phenol, which would combine with the carbonic 
acid gas set free in the earth from gas, pipes, &c., and 
which would attack the lead covering, it being an ex- 
tremely volatile gas; however, he was of the opinion that 
it would disappear moreor less rapidly when ventilation 
was present. 

* As a means of protecting the covering of the cable 
from destructive action in the conduits, I believe we shall 
be obliged sooner or later to use a covering for the lead— 
such as braid or tape, saturated with a compound, which 
will resist the action of the gases underground. Paint 
alone will hardly answer the purpose, as it 1s almost im- 
possible to draw cables into a conduit without scratching it 
off more or less, and if it is off at any one point it might 
as well be off the entire cable. 

** Electrically, our cables seem to be the same as when re- 
ported on by Mr. Sargent in 1887. Reference was then 
made to a proposed cable between two of our central offices. 
This cable, which is 11,949 feet in length, laid up in pairs, 
stands as follows: 
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* Gauge of wire.......... .035 

** Insulation.............- .075 

* Capacity per mile...... - .26 microfarad. 
** Insulation per mile...... 409 megohms. 


‘* At temperature of 42° Fahr. 


‘The pairs in this cable were broken up at the joints 
and the cable connected up for single circuit use. It is 
used for through trunks and for local wires from each of the 
two exchanges which it connects. When first laid there 
was general complaint that subscribers could not hear each 
other well when talking through this cable. Attention 
to the batteries and transmitters resulted in overcoming 
this difficulty to a considerable extent and the cable works 
very well and with very little cross-talk between the two 
offices. When an additional mile of cable, however, is 
connected to it there is a very evident drop in the volume 
of sound, and the cable can be used in its present condition 
only for local service between the two offices. 

“ All cables of the conference type laid since 1887 give 
most satisfactory results in insulation and capacity. ‘The 
cables of this class laid in Brooklyn show a general capa- 
city of .18 microfarad per mile; with insulation and resist- 
ance varying from 500 to 1,500 megohms. 

“We feel that we cannot. do any better than to 
continue the use of this type, —while making every effort 
to secure an insulation material of low inductive capacity. 

‘J. C. REILLY.” 


Mr. Hall: I have a letter from Mr. W. A. Jackson, the 
Managing Director of the Michigan Telephone Company, 
who was invited to be present with us but was unavoid- 
ably detained. He says: 


** DEeTROI'', MicH., May 12, 1889. 
‘< AMERICAN TELEPHONE AND TELEGRAPH COMPANY, 
“E. J. HarL, Jr., Esq., Genl. Manager, 
New York. 
‘* DEAR SIR: 

‘‘ As promised in our letter of yesterday, we give you 
below a statement of the extent of, and experience with, 
our underground work up to the present time. 

‘In 1886, we laid 5,154 feet of Patterson cable, with 
two leaders of 125 cunductors each, with branches to dis- 
tributing poles in alleys and buildings of from 35 to 90 con- 
ductors; the longest single conductor measuring 2,788 feet 
from the Central Office to the distributing point. | 

** In 1587, two 125 conductor cables were drawn in, the 
respective length of which were 1,690 and 2,156 feet, and 
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one of 52 conductors, 1,700 feet long; the latter made by 
the Standard Underground Cable Company of Pittsburg; 
the two former of the Patterson type, making an aggre- 
pato of 5,546 feet of cable drawn in during the year; the 
ongest one, 2,156 feet. 

‘ In 1888, three 125 conductor cables, with branches of 
50 and 75 conductors; the longest single conductor of 
which is 4,033 feet. 

‘The aggregate number of feet laid during the year 
was 20,023. 

'* A summary of the above shows the following : 


Feet of Feet Single 

. Cable. Conductor. 

* During 1886, were laid..........- 5,154 446,935 
ES 1887, were laid..........- 5,546 569,150 

x: 1888, were laid.........- 20,923 2,038,195 
OLAV exeo enemies 31,623 3,053, 580 


‘“ Equal to 578,33, miles single conductor. 

“ All office terminals and those at distributing points are 
protected with cable heads and lightning arresters. There 
is no apparent deterioration in the service the cables have 
given from the time they were first laid. Care has been 
taken from time to time to renew the terminal connec- 
tions, to keep them bright and free from corrosion. 

‘“ From the first it was found necessary to keep the in- 
struments connected with the longer lines in the very best 
possible condition to enable subscribers to use them satis- 
factorily, and when two persons at the extreme ends of 
the longer cable (the office terminal being connected at 
the Central Office) are using the telephones, the serious re- 
tarding effects of underground lines are made particularly 
plain, 1t being quite difficult under the most favorable cir- 
cumstances to carry on conversation; and when the aerial 
distributing wires are at all influenced by electric light 
currents or other foreign noises, it is almost impossible to 
carry on satisfactory conversation. 

** We have not observed any serious corroding or deteri- 
oration of the lead covering of the cables, nor have we 
found any leakage or defects in the joints where branches 
lead out. 

“ All underground cables leading from the Central Office 
are in the Dorsett conduits, lateral branches to which have 
been laid of wooden water logs. coated with pitch outside. 
Cables leading from the Sub-Exchange are all laid in the 
wooden pipe, which has, so far, given perfect satisfaction, 
and all extensions being made and provided for will also 
be of the wooden water log, with brick material manholes 
at street intersections. 
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* We are now making preparations to draw in in the 
neighborhood of 12,000 feet of cable of a heavier insula- 
tion than that heretofore used; the increased size of it 
being such as to make the outside diameter the same for 
100 wires as that heretofore used for 125, the single conduc- 
tors being insulated to about one-twelfth of an inch; the 
size of the conductor, 18 B. & S. gauge. It should have 
been stated in the proper connection, too, that this is the 
gauge of all of our underground conductors. 

'* We have not used any cables the conductors of which 
are made up in twisted pairs, not having thus far done 
anything in the way of metallic circuits. 

'* Very tr uly yours, 
‘W. A. JACKSON, 
“ Managing Director." 


Mr. Hall: I have here a memoraudum from Mr. Hibbard 
in regard to a test made on the New York and Buffalo line 
in connection with the cable running from this office, 18 
Cortlandt street, to Fifty-eighth street and Eighth avenue, 
New York. He says: 


“E. J. HALL, Jr., Esq., 
“ Vice-Pres't and Gen'l Manager. 
'* DEAR SIR: 

'* I desire to report the results of a test made on Tues- 
day, May 7th, in talking between New York City and Buf- 
falo. The test was made on a metallic circuit of No. 12 
hard-drawn copper wire, being one of the regular circuits 
alee by this Company, the pole line distance being 469 
miles. 

** The first test was made from the corner of Eighth 
avenue and Fifty-eighth street, New York, at the head of 
the underground cable through which the long distance 
wires reach the office of the Company on Cortlandt street. 
Long distance transmitters were used at each station with 
three cells of battery, being the usual equipment of sub- 
scribers for long distance service. One of the regular 
Buffalo circuits (wires No. 3 and No. 4) was uscd in the 
test. With the cable cut out, conversation was freely car- 
ried on with Buffalo, no repetitions being necessary even 
for the understanding of involved sentences or unusual 
expressions. The cable was then cut in, and a test made 
by Buffalo with the office at 18 Cortlandt street. A very 
marked decrease in the volume of tone was at once noticed. 
Although conversation was carried on successfully, and, 
when familiar topics were discussed, but little repetition 
was necessary, yet much more effort was required both in 
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transmitting and in hearing than in the first test. When 
thestation at Fifty-eighth street was cut into the circuit in 
the usual manner (that is, shunted or bridged across), no 
change was noticeable at either end. Indeed, neither New 
York office nor Buffalo could tell whether the Fifty-eighth 
street station was cut in or not. When, however, the 
office circuit, including the cable, was cut into the Fifty- 
eighth street and Buffalo circuit, the change was noted 
immediately both by Buffalo and the Fifty-eighth street 
station. When both New York stations were cut in, the 
transmission from them was so identical that any varia- 
tion at either of them in the arrangement of battery or in 
the manner of the talker was noted at once by the listener 
in Buffalo. 

‘* Repeated trials were made in the manner indicated, 
with the cablealternately cut in and out of the circuit, and 
the results carefully noted. Representing the result with- 
out the cable by the figure 100, it was agreed that the re- 
sult in talking through the cable would be represented by 
the figure 75, or, that the retardation of the New York 
underground cable through which the New York and Buf- 
falo circuits are now connected cuts down the effective- 
ness of telephone service between these two cities fully 
25 per cent. 

‘ The cable in question is laid in the subways from a 
pore at the southeast corner of Fifty-eighth street and 

ighth avenue to the basement of the Telephone Build- 
ing, 18 Cortlandt street, and is 26,770 feet (5.03 miles) long. 
It is a Western Electric cable, having 52 pairs of No. 18 
(B. & S.) wire contained in a 1}-inch lead pipe, outside 
diameter, and is connected in one continuous length. An 
electrical test of this cable, made on May 8th, shows the 
conductors to measure 196 ohms resistance each, to have 
a capacity of .19 microfarad per mile for each wire to its 
mate or to the bunch grounded, and an insulation average 
of about 50 megohnis per mile. 

“There were present at the telephone test above re- 
ported, Mr. John A. Barrett and R. Crawford, in Buffalo, 
and Mr. F. A. Pickernell, F. E. Leonard and myself in 
New York City. 

| ** Yours truly, 
'* A. S. HIBBARD, 
** General Superintendent." 


Mr. Hall: That, I think, is all that we have inthe way 
of special reports. We come now to the question of the 
thickness of insulation. Our specification reads: 


* Each conductor shall be insulated to .125 of an inch, 
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with not less than two wrappings of cotton so put on that 
when the conductors are laid up in a cable there shall be 
no substantial compression of their coverings.” 


I understand that fifty pairs of No. 18 wire insulated to 
.125 of an inch, laid up in accordance with this specifica- 
tion, will fill a lead pipe of two inches outside diameter. 

Mr. Crandall: Fifty pairs or fifty-two ? 

Mr. Hall: Fifty-two pairs. 

Mr. Crandall: I will ask what cable it was that had .075 
of an inch. 

Mr. Reilly: That was a cable that was constructed prior 
to the last conference, in 1887. Since that time we have 
made all cables according to the standard, .125. 

Mr. Hall: The essential difference between the cable 
made on this specification and the one that the Western 
Electric Company made for New York, is that under this 
the insulation would not be compressed. By putting on 
insulating material to .125, and then compressing the con- 
ductors so that you would go from a minimum of .100 to 
.125 you could get in a somewhat greater number of con- 
ductors in the same pipe. The bulk of the cable which 
has been made and used since the last conference has been 
made with this compressed insulation, and I think it is 
Important now that we should have a clear expression as 
to this point, and decide whether we will insist upon a 
full .125 after the cable is laid up ready for use, or whether 
we will permit the compression for the sake of getting a 
greater number than fifty-two pairs into a two-inch pipe. 

Mr. Patterson: The cable that you speak of as hav- 
ing been made under the conference specification was 
principally an inch and three-quarters in diameter for 
fifty-two pairs. 

Mr. Hall : Outside diameter, I understand? 

Mr. Patterson : That was a modification of the confer- 
ence standard which allowed that. 

Mr. Hall: Fifty-two pairs would allow it to be about 
two inches outside diameter. 

. Mr. Crandall : But, as a matter of fact, most of it was 
made inch and three-quarters? | 

Mr. Patterson; Most of it was made inch and three- 
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quarters, because the first cables we made we had to make 
of that small sizé to get them into the ducts. 

Mr. Crandall: I understand that all the advantage that 
you gain by this insulation of .125 of an inch is neutral- 
ized by compressing it within a pipe of an inch and three- 
quarters outside diameter. It would have been just as 
good practically if you had had .100 of an inch insulation. 
The pressure that is brought to bear on the conductors 
insulated to the extent of .125 of an inch made it just 
about equal to the insulation of .100 of an inch if you had 
not compressed it. 

Mr. Patterson : No; it would have been a little better 
than that; it would be somewhere between, because the 
compression was not uniform. 

Mr. Crandall: Substantially that. 

Mr. Patterson: I don't know what it would average, 
but very near .110, I think. 

Mr. Hall: Mr. Patterson, will you let us know what 
difference it would make in the number of conductors in 
a two-inch pipe, whether we insist upon the .195, as called 
for by this, or whether we allow the compression to an 
average of .110? 

Mr, Patterson: It makes a difference of about fifteen 
pairs; that is, fifty pairs of one-eighth inch full, or sixty- 
five pairs when they are compressed so that the mini- 
mum is one-tenth of an inch. On an average, perhaps, 
about .11. 

Mr. Hall: That is to say, you could get thirty per cent. 
more conductors into atwo-inch pipe by the method which 
you are now following than you could if you held strictly 
to this specification? 

Mr. Patterson: Yes, sir. 

Mr. Hall: It seems to me that is the practical point for 
your consideration here, whether you will gain thirty per 
cent. in the number of conductors that you can put intoa 
two-inch pipe, or whether you will have the gain in the 
electrical qualities of the cable. 

Mr. Crandall: What would be the electrical gain ? 

Mr. Hall: Can you answer that question, Mr. Patter- 
son ? 

Mr. Patterson ; I think it would be about eight per cent. 
capacity. 
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Mr. Crandall: Which would be a reduction of about 
.015 of a microfarad per mile. 

Mr. Patterson : I think the cables made full conference 
standard and those in which the insulation is compressed, 
when both made of the same material and treated and 
saturated in the same way, give a little over .18 average 
capacity of the full conference standard and about .195 of 
the compressed gauge. 

Mr. Hall: Mr. Hamilton, was that the result of your 
test ? 

Mr. Hamilton : I have not any data on this subject, but 
generally the capacity would vary inversely as the loga- 
rithm of the ratio of the diameters. 

Mr. Hall: Will you kindly figure that out for us and let 
us know to-morrow? Mr. Barrett, have you made any 
tests that would enable you to say what the relative static 
capacities of the two cables would be? 

Mr. Barrett: No, sir; we have made no other cables 
except by putting fifty-one and fifty-two pairs into an ap- 
proximate two inches, and without compression, and I 
have made no tests of any other kind of cable. 

Mr. Farnham: Mr. President, our Company has put in 
quite a large number of new cables since the last confer- 
ence, using the conference standard strictly, as I under- 
stand it. We have put sixty pairs, however, instead of 
fifty, and put them into a pipe sufficiently large to have 
the insulation without compression—. 125 of an inch with- 
out compression, and the static capacity on those cables 
runs below .18 of a microfarad on an average. Some of 
them come nearly down to .17 of a microfarad. The cable 
ranges from two thousand feet to eight thousand feet. 

Mr. Hall: What would you put down as the relative 
proportions, then? You have tried the other cable also, 
haven't you 1 

Mr. Farnham: We have one cable only of the com- 
pressed kind. It comes to about .2 in our case. I should 
say the difference would be all of .002 of a microfarad. 

Mr. Hall: From your experience it would not be an 
over-statement to say that it is about 12 per cent.? 

Mr. Farnham: No. 
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Mr. Hall: That is, the static capacity of .125 is about 12 
per cent. less than that of .1101 

Mr. Farnham: Yes, and my view is that that is worth 
considerable to us. I would like to state right here that I 
supposed that the measurements which we have been 
making in the past year would have been reported here 
through the American Bell Company, as they requested 
from us copies of our measurements; so we have had no 
report, understanding it in that way. But briefly, 
our cables have all been the conference standard cables, or 
what we understand as the vestibule standard, which is 
the way we order now; at least it covers the larger sized 
pipe so that there is no compression in the conductors; 
and our insulation runs from 100 megohms per mile to 
several hundred. We have one or two cases only where it 
falls below 100 megohms, and that is where the cables 
come in proximity to hot water pipes; and the static ca- 
pacity, as I state, is as low as .18 of a microfarad in either 
case, and in some cases nearly down to .17, and the cables 
are working well. 

Mr. Hall: I think that puts the question before us very 
concisely, whether we will have a gain of 12 per cent. in 
electro-static capacity at the cost of 30 per cent. of the 
number of conductors which can be put in the same space 
and which will be substantially at the same cost. Mr. 
Patterson, the statement that the cost is substantially the 
same is correct, is it? 

Mr. Patterson: Between 50 pairs of full conference 
standard and 65 pairs compressed? 

Mr. Hall: Yes. 

Mr. Patterson: It is very nearly the same. 

Mr. Crandall : There is more insulating material. 

Mr. Patterson: There is more cotton used. It is simply 
credited by the amount of the cotton. 

Mr. Crandall: I thought you said you used the same 
insulation. 

Mr. Patterson: There would be the same amount of 
cotton, but the filling and labor will bea little different, be- 
cause we have to take more pains in covering the wires 
when it is desired that they shall not be compressed. 

Mr. Hall : Making some allowance, then, for some differ- 
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ence in cost, would it be fair perhaps to say that the rela- 
tion would be about as 20 to 30? You bring in three factors 
now; you bring 12 per cent. of static capacity and say 8 
per cent. of cost on one side, as against 30 per cent. in the 
number of conductors on the other. 

Mr, Patterson: I think that would be very near it. 

Mr. Hall: Of course they are not similar factors which 
you could compare one with the other. 

Mr. Barrett: The direction which this matter took in 
the other conference was substantially that it was agreed 
that the telephone companies would be able to afford to 
put in 100 wire 2-inch cable, and the adoption of 65 pairs 
in two inches would certainly be going backward from 
that point. It is to be determined whether the telephone 
companies call for that saving now, which they thought 
they could get along without then. The work, as Mr. 
Davis said, in New York has been laid out on the basis 
practically of allowing 50 pairs to a 2-inch cable. 

Mr. Davis: I don't think that is quite what I said; I did 
not mention the size of the cable. I judge from some- 
thing that Mr. Patterson said this morning, that he cannot 
draw a 2-inch cable into our ducts with the kind of joint 
that he makes. 

Mr. Patterson: The joint that we make cuts very little 
figure; the joint does not require more than a tenth of an 
inch; but in Sixth avenue, in the Dorsett conduits and the 
work on Fifty-eighth street, is the only place that T know 
of where it is not practicable to draw in a full 2-inch cable. 

Mr. Barrett: The work of laying out the cable system 
both here and in Brooklyn is practically on the basis of 
allowing 50 pairs, or 52 pairs at the outside, in two inches; 
and as far as I have observed, the disposition here has been 
to realize any advantage in the direction of reducing static 
capacity rather than reducing the cost of the cable. 

Mr. Patterson: Where the duct is two inches and a 
half in the clear and it is reasonably smooth, there is no 
difficulty at all in drawing in a cable, joint and all, the 
body of the pipe being two inches outside diameter. 

Mr. Barrett: 'The point is whether, adopting the unit of 
a 2-inch cable, 50 or 52 pairs in one case, or 65 pairs in the 
other case, would be put in. Of course, my desire all the 
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time is to see static capacity kept down, but just to what 
extent the companies can afford to pay for low static 
capacity is a question which I cannot pronounce upon. The 
Static capacity of these underground systems is certainly 
going to limit the telephone business eventually. 

Mr. Crandall: What is the static capacity of the 52- 
pair cable? 

Mr. Hall: A little less than .18 of a microfarad per mile. 

Mr. Crandall: And 65 pairs compressed, is what? 

Mr. Hall: About .20. 

Mr. Hibbard: Mr. Chairman, I would like to ask, in 
view of the lower measurements obtained in using paper, 
what you might expect in using 65 pairs in a £-inch pipe, 
if the wrapping was of paper? As I understand the figures 
offered, the measurements on paper have indicated a gain 
of 30 per cent. I would like to know what you would ex- 
pect with 65 pairs? 

Mr. Barrelt: Proportionately the same as in the use of 
cotton. Paper gives, as far as our tests go, 30 per cent. 
less than cotton, other things being equal. 

Mr. Wilson: Mr. Chairman, if I may be excused for 
going back to a subject that has been disposed of, I will 
say that if we knew how much static capacity could be 
tolerated in our exchanges for long distance work, as far 
as I am concerned I would be willing to agree to the adop- 
tion of a cable with very thick insulation, to get a low 
static capacity where it is absolutely required; but when 
you discuss the question of adopting very thick insulation 
at the expense of permanent conductors and at a very 
large increase of expense in the cost of the cable for our 
work throughout, it becomes a serious question financially. 
That is the exact point that I had in view in raising that 
question this morning. 

Mr. Hall: There is one other consideration that I think 
we ought to give weight to, and that is that if we placea 
precise figure on the static capacity allowable in making 
up this specification now for cables we want to remember 
this: that that is for a new cable laid, with perhaps a test 
of one year. Now, whatever the future history of that 
cable may be, it 1s perfectly certain that it is going to dete- 
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riorate and not to improve, so that we are going to fall 
away all the time from whatever standard we start with. 

Mr. Wilson: I guess not in respect to static capacity, are 
we? Is there any danger of the static capacity increasing 
from age? 

Mr. Hall: I have assumed that whatever change there 
will be in the cable will be for the worse. 

Mr. Wilson: I don't think that is a fair proposition, 
in reference to the static capacity. 

Mr. Hall: How is that, Mr. Barrett? 

Mr. Barrett: The electro-static capacity would not vary 
very much in point of age. I don't know that it does 
any. 

Mr. Hall: But as to that particular point the record of 
the cable would be the same, until it gave out from other 
causes? 

Mr. Barrett: Yes. : | 

Mr. Reilly: May it not be said that the maximum capa- 
city allowable was fixed at the last conference when the 
specifications called for .20 of a microfarad? 

Mr. Hall: That is what we agreed at that time. The 
question now is whether we want to reconsider that. 

Mr. Reilly : The question now is whether that wants to 
be reduced? 

Mr. Hall: Yes. At that time, however, you must bear 
in mind that we had no precise measure of the static 
capacity of the cable made on thosespecifications. It was 
purely speculation as to about what it might be, and it was 
assumed that it would be in the neighborhood of .20. 

Mr. Reilly: After more than a year's trial you want to 
fix on another standard ? 

Mr. Hall : Or decide that the original standard was the 
right' one. 

Mr. Reilly: I think we will all agree that it ought not to 
be any higher. 

Mr. Hall: Agree to what ? 

Mr. Reilly: That you don't want to lower the standard. 
In other words, you don't want to raise the number of 
hundredths of a microfarad allowable. 

Mr. Hall : That is to say, you don't want to raise the 
figures and reduce the standard ? 
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Mr. Reilly: No, we don’t want to raise the figures. 

Mr. Wilson: Mr. Chairman, we seem to be getting away 
from the point that I make, and that is this: that if you 
want to reduce the standard I am perfectly willing, pro- 
vided the reduction is made where it is necessary to have 
it; that is, I feel that the Company that I represent is per- 
fectly willing to put in cables with only 25 pairs wherever 
it is absolutely necessary to get good results, but as for 
adopting a uniform expensive cable to be used where there 
is no necessity for it, I don't acquiesce in any proposition 
of that kind. I don't believe that our cables should be all 
made under the same specification for all lengths of line. 

Mr. Hall: We can put the same thing before us in 
another way. Suppose that we decided to put 52 pairs of 
conductors into a two-inch pipe, producing under our 
present conditions an electro-static capacity we will say of 
.18 of a microfarad ; we would then have a system laid 
out on the basis of taking care substantiallv of 50 sub- 
scribers for every duct, and we would plan all of our cable 
work from that as a starting point. Now, if during the 
coming year, there should be some new invention in 
cables, some method of very materially reducing the static 
capacity, this same thing would come up before us again 
for consideration as to whether we would give the service 
the benefit of that improvement or whether we would try 
to economize in dollars and cents in the cost of construc- 
tion. My own feeling is that the telephone service has 
never been any too good, that it would be very hard for 
us to make a mistake in the direction of giving a better 
service than is necessary ; that our shortcomings are likely 
to be in the direction of an inferior service rather than in 
the direction of having too expensive a construction ; and 
my feeling would be that it is in the interest of the busi- 
ness, provided the original cost is within the possibilities, 
to hold up our standard as to the number of wires that we 
would put into a cable, and let the service have the benefit 
of whatever improvements we could make in the construc- 
tion. Thetemptation, of course, is the other way—to cut 
down cost—and if our service were now in such a satisfac- 
tory condition that we could save 20 or 30 or 50 per cent. 
in the cost of construction and still give an entirely satis- 
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factory service, of course it would be common sense to do 
it; my feeling is that we ought to put up as high a stand- 
ard as we can justify ourselves in doing now, and then 
give the service the benefit of whatever improvement we 
can make within the limit of cost, until we reach a point 
possibly in the future where we can start on an entirely 
new basis. 

Mr. Wilson: Mr. Chairman, I heartily agree with you 
in what you have said; but would not the service receive 
more benefit if you went still beyond the proposition of 
.18 of a microfarad which has been discussed, where it is 
really required? It is the aggregate capacity that hurts 
you; it is not the capacity per mile. For instance, sup- 
pose we adopted .18 of a microfarad Now, I have a line 
a half mile long that has .09 of a microfarad. I have one 
two miles long that has .36. Wouldn't it be better to 
take the same amount of expenditure and reduce the long 
circuit at the expense of increasing the short one? Would 
not the average service be bettered by it? It seems to me 
that is a very simple proposition. 

Mr. Barrett: It is a plan that is very agreeable and tak- 
ing in theory, but so far as my observation goes in prac- 
tice it would be very difficult, if not quite impracticable, to 
apply such a system. 

Mr. Wilson: It looks to me like there was grave appre- 
hension that if we had any discretion to use in laying out 
cables it would not be used properly. Now, I don't think 
that is an excuse. I am perfectly satisfied that so far as 
Chicago is concerned it is entirely practicable to lay out 
cables so that the long circuits would be supplied with the 
proper requirements and the short ones would have the 
proper requirements. I don't see the logic in making all 
the cables uniform, long or short circuit; it don't seem to 
me a wise expenditure of money; that is, I don't believe 
that in expending your money in that way you get the 
very best results. 

Mr. Hall: We might put that suggestion in another 
form, Mr. Wilson, and ask whether any of us would be 
willing to put in a cable of lower qualities for any service 
fhan what is specified here. 

Mr. Wilson: I would answer it yes, wherever it is re- 
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quired. I would be willing to put in a cable with only 
ten conductors in it, if it is required and necessary. 

Mr. Hall : You do not quite understand my question; it 
was this: whether for an exchange like Chicago, for in- 
stance, to take a concrete example, it would be advisable to 
start with any lower basis than what we have talked of 
here, and whether if vou have long cables there reaching 
out some distance you would not be inclined to raise this 
standard rather than to reduce it. 

Mr. Wilson: Well, that is a question. If it should be 
decided that in our half-mile circuits .09 of a microfarad 
is all the capacity that we ought to have, then I would not 
lower the standard. Idon't know whether or not I would 
be in favor of lowering the standard any way, but if you 
are going to discuss the lowering of the standard for uni- 
form work, then I see some reason why it should not be 
lowered; but if you want to raise the efficiency of the 
standard where it is required I am in favor of that. 

Mr. Hibbard : Do you bring in to any one of your ex- 
changes, local lines which extend over one mile of under- 
ground in Chicago? 

Mr. Wilson: Let me see. No, we do not at present. 

Mr. Hibbard : Do you anticipate it? 

Mr. Wilson: Yes, we anticipate that we may bring 
lines in for a distance of fully one mile; and with aerial 
cables added we will have several miles of cable, but not 
necessarily several miles of underground. 

Mr. Hibbard : I think it is generally understood that all 
the conditions which apply to underground apply equally 
well to aerial cables. A cable will not work any better 
because it is up in the air. 

Mr. Wilson: That is my idea. 

Mr. Hibbard : I think that is pretty thoroughly under- 
stood. This discussion, however, refers I understand only 
to local exchange lines brought into the exchanges or 
operating offices, and does not even take up the question © 
of trunk cables between branch offices, any more than it 
does cables that bring in out of town and long distance 
lines. It refers only to the local exchange lines, and you 
at least have an approximate mileage. As a rule it is 
about half a mile, and as an average I think it would run. 
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very little over that. Itis a question if on half a mile you 
would not always want to do as well, at least, as .18 of a 
microfarad per mile. I should say that you would want 
to; and anybody who was less than half a mile, anybody 
‘who was a thousand feet or so, would have exactly that 
much benefit; and anybody who was the full half a mile 
would not be very badly off. 

Mr. Hall: The question practically before you now is, 
how many conductors you will specify in a two-inch pipe? 
Does anybody want to make a motion for any definite 
number? ! 

Mr. Barrett: I have not any hesitation in making a 
motion to make it 50 pairs, or 52 pairs at the outside. 

Mr. Crandall: I second that motion. 

Mr. Hall: It is moved and seconded that we specify the 
number of conductors to be 52 pairs. 

Mr. Crandall: 'Two-inch pipe? _ 

Mr. Hall: Yes; our full discussion now is on the basis 
of two-inch pipe; that has been settled. Is there anything 
to be said on it before the question is put? If not, those 
in favor will signify it by saying aye. (Carried.) 

Mr. Hall: That fixes then the second clause of our 
specification, as follows: 


* Each conductor shall be insulated to .125 of an inch, 
with not less than two wrappings of cotton so put on that 
when the conductors are laid up in a cable there shall be 
no substantial compression of their coverings.” 


What that means is, that there shall be 52 pairsin a - 
two-inch pipe. I said that fixed this specification, but 
this covers the use of a cotton wrapping, and some sug- 
gestions have been made that we use manilla paper in- 
stead of cotton. I think before that matter is finally 
passed on we want to discuss whatever there may be in 
that consideration. 

Mr. Crandall: Will you get the same results by lessen- 
ing the insulation? 

Mr. Hall: With paper? 

Mr. Crandall: Yes. 

Mr. Hall: Probably, yes; but we have fixed the 
number now at 52. 


60 


Mr. Barrett: Mr. Chairman, in the matter of the paper 
material which I have introduced, our opportunities for 
testing and getting results which are as full and reliable 
as we would like, have been very meagre, and I should 
like to have that matter left more or less open, to be 
determined by some more tests that are in process of 
being applied. We are having other lengths, to a con- 
siderable extent, of paper cable now made, and within a 
month or two we shall have some very definite results on 
that point. 

Mr. Hibbard: Mr. Chairman, might not the wording of 
the specification be so altered as to include paper, if you 
like, or anything else which is better than cotton? We 
think that is as good as anything that we know of, and 
some experiments have indicated that paper would be 
better. If we include that which we do know of and 
leave it open to take in anything better that is found out, 
I should say it might be of advantage. 

Mr. Patterson: I think that ought to be left wide open, 
enough to include cotton, jute, hemp, paper or anything 
else which is found to give the best results. 

Mr. Hibbard: Cotton or some other substance of a lower 
capacity. 

Mr. Farnham: I would like to ask if the requirement of 
capacity is going to remain in that specification. -May it 
not be possible that the capacity might even increase if 
we abide by the rest of the specification? 

Mr. Hall: The limit of capacity will be fixed by a later 
clause in the specification. 

Mr. Patterson: Mr. Chairman, in regard to the use of 
paper, I tried some experiments some time ago and at 
the'time came to the conclusion that the lower capacity 
was due to the fact that more air was contained in the 
pores of the paper and that the filling material did not 
so readily penetrate, and that just so much as the capacity 
was lowered its power of absorbing water was increased. 
This was rather a hasty conclusion, but it was enough at 
the time to set me off into another line of work which, of 
course, appears rather risky and which under careful con- 
sideration I think results in a very good cable; that is, to 
leave the greater part of the length of the insulation dry, 
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without any filling material at all; when the cable is 
brought into one of these ducts, especially when there is a 
large number of ducts together in one body and properly 
protected, there is almost an infinitesimal chance of me- 
chanical injury in the length of the cable. About the 
only trouble will come in our manholes where workmen 
are engaged in drawing in other cable and splicing, and 
it may be on account of explosions in manholes. I tried 
some experiments in making cables in which the core was 
introduced into the pipe perfectly dry; then a pressure of 
gas put on, say 90 pounds to the inch, and after the air 
is compressed in the pipe, the filling introduced from both 
ends simultaneously at an increase of pressure of 10 or 15 
pounds, so that the filling will penetrate for perhaps 25 
feet from each end, while the body of the cable is left dry 
and without any filling. The experiments on this have 
not been very extensive, but have been such that I think 
the static capacity of cables made in that way with cotton 
would come down inside of .15 of a microfarad per mile, 
and possibly lower than that if jute was used; and if 
paper is of really lower specific inductive capacity there 
would be a still greater advantage in the use of paper. 
In the case of any mechanical injury to the cable between 
manholes, that length of cable has got to be pulled out 
and another put in its place. Now, if the core is dry and 
loose the core can be pulled out of the pipe and used else- 
where; whilst if it is enclosed in the pipe tightly it has 
got to be spliced, and a sleeve splice between two lengths 
of cable would not be very easily pulled into the ducts. 
Some of this dry cable was made last year for use in New 
York where we crossed the route of the steam pipes. 

Mr. Barrett: Mr. Chairman, if the specifications are 
drawn in the form in which they now stand, and the mat- 
ter of the special material to be used and the special thick- 
ness to be employed in manufacturing the cable is left 
open, then all of these things that tend to produce a better 
cable in the point of lower inductive capacity can be in- 
troduced and tested and reported on, and finally used ac- 
cording to their comparative value for telephone purposes; 
so that I should think it would be well, on that point, to 
place in the specification merely a maximum limit allow- 


62 


able for static capacity, and leave the matter of the mate- 
rial and the special treatment open. That would give us 
a chance to reduce the static capacity if we were able, and 
so take advantage of it in any way in which it might be 
found possible. 

Mr. Hall: It is important in making a specification that 
we should be precise and definite in terms. Cotton is the 
thing that we know about now, that we have used, and 
the practical result of this conference will be that this 
specification as fixed now will be sent right to the manu- 
facturers and to the different telephone companies, and 
they will be asked to make their orders for cable on this 
basis. Now that does not leave it in very good shape, to 
say * with two wrappings of blank.” We want to say 
something. I have drawn up a resolution which I will 
read, and which, while leaving the word cotton in the 
specification, will make it possible in each individual case 
to substitute something else if it be found desirable. I 
will read this, and then you will consider whether you 
care to change the specification or to adopt this in addition: 


'* It is the sense of this Conference that it is very im- 
portant to follow up the experiments in the use of paper 
or other materials as a substitute for cotton, and that it is 
understood that it is desirable to authorize such substitu- 
tion whenever the manufacturers will guarantee a sub- 
stantial reduction in static capacity therefrom.” 


Mr. Hamilton: I think that leaves the question open 
enough, and I should be very much in favor of it. 

Mr. Wilson: I move that the resolution be adopted. 

Mr. Crandall: I second the motion. 

Mr. Hail: It is moved and seconded that the resolution 
be adopted. If there are no remarks, those in favor will 
please signify it by saying ave. (Carried.) 

Mr. Hall: The next matter for consideration is the speci- 
fication in regard to twisting in pairs. The specification 
reads: i 

** The conductors shall be twisted in pairs, the twists 


being regular and uniform, not less than 922 inches nor 
more than 34 inches in length.” 


Thatis the other point in which the Western Electric 
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cable differs materially from this specification, the twist 
there being eight inches in length. What that amounts 
to in practice is, that the cable instead of being actually 
twisted is practically crossed at intervals of eight inches. 
If that is a little unfair I will let you correct it (to Mr. 
Patterson). 

Mr. Patterson: That is all right. 

Mr Hall: That is the actual fact. 

Mr. Patterson: Only they run parallel for perhaps four 
inches, and then suddenly jump over and are parallel for 
the other four inches. That was brought about from the 
desire to economize in the length of wire and also in the 
number of conductors, because we found we could get a 
few more in. It was found after the first cable was laid 
that there was cross-talk. Then the length of the twist 
was changed to about three inches. I think four inches 
would be about the maximum length of twist that it would 
be advisable to employ and get it uniform. 

Mr. Eckert: The twists now average about four twists 
to the foot, don’t they? 

Mr. Patterson: I think they average about three inches 
as now made. They might be made I think a little longer 
than that. 

Mr. Crandall: With a twist of three inches did it take 
out all the cross-talk? Was there any cross-talk left? 

Mr. Hall: I think Mr. Pickernell or Mr. Farnham can 
answer that better than auy one else. 

Mr. Pickernell: I found in the cross-talk test which I 
made two weeks ago last Sunday that there was some 
cross-talk in the cable which was said to be twisted every 
three inches. The cross-talk was not considerable. I 
don't think it was caused by cross-connections. The in- 
sulation wasallright. It wasthe first cable that I ever 
found any cross-talk in. There is none in the twisted 
cable between here and Fifty-eighth street and none in the 
Philadelphia cable. 

Mr. Barrett: In that case where you found it, was the 
cross-talk general? 

Mr. Pickernell: I won't say it was absolutely general. 

Mr. Eckert: What cable was that? 
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Mr. Pickernell: In Boston, between 50 Pearl street and 
the corner of Harrison avenue. 

Mr. Hibbard: Don’t you think that indicates a mistake 
in jointing in a few of the wires and not in those? 

Mr. Pickernell: Assuming a mistake of that kind was 
made in a very short section, and then discovered and 
rectified ; if there was a section, say of 100 feet or some- 
thing like that, it might be that possibly there was cross- 
connection made; I should have expected to find more, 
and the cross-talk would have been marked between those 
pairs. In the cable that runs from here to Fifty-eighth 
street there is cross-connection, and those pairs you can 
talk with very easily ; there is no trouble whatever in talk- 
ing between one pair of cross-connection and the other. In 
one length of cable of five miles you can talk about as easy 
as you can with a direct circuit. I think the cross-section 
was put in about the middle of the cable; I think it was 
put in when the change was made at Twelfth street. In 
Boston the cross-talk was so slight it don’t seem as if it 
could have been caused by direct cross-connection. 

Mr. Barrett: There must be some uncertainty about the 
internal conditions which exist in this cable, so that find- 
ing cross-talk there, if it is almost beyond observation 
that it exists anywhere else, would lead to some suspicion 
of this cable being misconnected inside in some way or 
other. 

Mr. Crandall: Was this laid up in pairs ? 

Mr. Pickernell : Laid up in twisted pairs. 

Mr. Crandall: What is the length of that cable ? 

Mr. Pickernell: About 6,200 feet; I guess it is 6,500 
feet ; I don't remember the exact length. 

Mr. Crandall: That is longer than the New York cable 
then 1 

Mr. Pickernell: No, the New York cable is five and 
three-tenths miles. 

Mr. Crandall: When any cable with twists occurring 
so near together is tested for cross-talk, what is the result ? 
I am not familiar with metallic circuit cables ; I ask infor- 
mation. 

Mr. Hibbard: They have frequently been tested. There 
are cables in New York, Boston, Philadelphia and Buffalo 
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without any cross-talk, and it approximates three-inch 
twists. 

Mr. Barrett : I have never seen a well authenticated in- 
stance of cross-talk in a twisted pair cable where the twist 
was once in three or four inches. 

Mr. Pickernell : I have tested a great many such things 
for cross-talk, and I never found one before myself, and 
that led me to suppose that there was some internal ar- 
rangement which was irregular. 

Mr. Reilly: Mr. Chairman, I made a test in a metallic 
circuit where it was twisted every three inches, over a 
cable a mile and a half long, three weeks ago, for the pur- 
pose of discovering if there was any cross-talk between 
the pair, and I could not get any; there was absolute 
silence. 

Mr. Hibbard: We have madetests herein New York with 
the Hunnings transmitter and putting in a hand telephone . 
at the listening end, and I think they found that there was 
no induction whatever that could be heard; and in the 
event of a mistake having been made in jointing the dif- 
ferent lengths it was appreciable at once. I think we have 
as many as 18 bad wires, have we not, in this underground 
in New York? 

Mr. Pickernell: Yes, but two of them are not caused by 
cross-connection; they are caused by direct cross. I think, 
as I remember it, there are four pairs which are cross- 
connected. I move that the twist every three inches be 
maintained under the new specification. 

Mr. Hibbard: Y second the motion. 

Mr. Patterson (in the chair): It is moved and seconded 
that the specification shall read: 

** The conductors shall be twisted in pairs, the twists 


being regular and uniform, not less than 2} inches nor 
more than 34 inches in length." (Carried.) 


. Mr. Patterson (in the chair): The next article is in re- 
'gard to reversed layers: 


** The cables shall be laid up in reversed layers, each 
layer being served with one covering of cotton; the ‘ pitch’ 
of each layer shall be as long as is consistent with neces- 
sary flexibility. 
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“ The cables shall be so constructed that there shall be 
no substantial compression between the layers or between 
the outside layer and the lead pipe.” 


Mr. Hibbard: I move the adoption of that specification 
exactly as it is read. 

Mr. Reilly: I second the motion. (Carried.) 

Mr. Hall: The next point is in regard to the outside 
covering, the composition of the lead pipe and its weight. 
I will not read this specification over again because it is 
simply a rehearsal of figures with which you are all fa- 
miliar. 

Mr. Patterson: It means that the pipes will be about an 
eighth of an inch thick. 

Mr. Hall: Mr. Hayes, is there anything in connection 
with what you have to bring up in reference to the me- 
chanical protection of the cable that would be concerned 
at all with the thickness of the lead? 

Mr. Hayes: Nothing whatever. Take the diameter of 
the inside of the cable that we spoke of this morning and 
allow a quarter of an inch for any covering. 

Mr. Hall: Mr. Patterson states that the thickness of the 
pipe specified here is about an eighth of an inch. The mo- 
tion is made and seconded that this clause in the specifi- 
cation be adopted. Are there any remarks? 

Mr. Hibbard: Mr. Chairman, before that is voted on I 
would like to ask if there is any way in which a more even 
thickness may be obtained than what we have had in 
practice. It is expected that we have a thickness of an 
eighth of an inch, but it is often found in practice that 
the pipe at one point is one-sixteenth of an inch in thick- 
ness and at another it is nearly three sixteenths. 

Mr. Hall: 'That is not the fault of the specification; the 
specification prescribes an wnzform thickness. 

Mr. Hibbard: It is found in practice I mean, that in 
ordering a one-eighth inch pipe we do not always get it. 
It is a question whether in view of the liability of mechan- 
ical injury a heavier pipe would be necessary on account 
of this unevenness; that is all. 

Mr. Hamilton: It strikes me, Mr. Chairman, that if the 
companies ordering these pipes would reject a few of 
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them that did not come up to the specification the remedy 
would be soon found. 

Mr. Hall: Mr. Hibbard’s amendment to the specifica- 
cation is that we add the words ‘‘ this MEANS uniform.” 

Mr. Hibbard: That is about it. We never have had it; 
that is what I mean to say. 

Mr. Wilson: I move that the specification as regards 
thickness of the lead as stipulated be adopted. 

Mr. Reilly: I second the motion. (Carried.) 

Mr. Hall: The next clause relates to the insulating 
material, and reads as follows: 


** The spaces in the core and between the core and pipe 
shall be filled with insulating material which shall give an 
electro-static capacity not exceeding .20 of a microfarad 
per mile and an insulation of not less than 100 megohms 
per mile when laid and spliced and connected with termi- 
nals ready for use; and such capacity shall not increase 
nor such insulation decrease beyond the limits above speci- 
fied for one year after the cable has been laid and spliced, 
except from mechanical injury." 


In view of what we have decided before it will be safe 
and proper for us to reduce that specification as to static 
capacity. 

Mr. Wilson: I move that the specification for static capa- 
city be reduced to .18 of a microfarad per mile. 

Mr. Hayes: Mr. Chairman, would it not be well to con- 
sider whether it would not be better, as we are dealing 
entirely with metallic circuit, to have the specification for 
capacity between the conductors, which is the only 
important factor in a metallic circuit cable? We have 
treated, and all our measurements have been made of the 
capacity of one wire, the other wires grounded or to 
earth. Now, with a metallic cable the oneimportant factor 
is the capacity of one wire to its mate. As these are 
specifications for metallic circuit cable, would it not be 
best to have that as a requirement? 

Mr. Hall: That is, you would insert the words ‘‘ be- 
tween each wire and its mate”? 

Mr. Hayes: Yes. 

Mr. Wilson: I think the specification should read, ** the 
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capacity of one wire measured with its mate and all others 
grounded." That would be the safest way, wouldn't it? 

Mr. Hayes: That would be practically one, and every- 
thing else grounded. 

Mr. Wilson : Xes. 

Mr. Hayes: The capacity of one against all others 
grounded. 

Mr. Wilson : Its mate and all others grounded. 

Mr. Hayes: Y think that is all right for single circuit 
cable, but for metallic circuit cables it seems that the 
ground part does not play any part in our problem. 

Mr. Wilson: It puts us on the safe side. 

Mr. Reilly: Mr. Hamilton I think brought that question 
up in his report. | 

Mr. Hamilton: I should favor it. 

Mr. Hall: Mr. Hamilton, your recommendation is what? 

Mr. Hamilton: I state the capacity as .18 of a micro- 
farad per mile on a single wire with all the other wires 
grounded. "That gives us something definite to work on 
and I think covers the ground that Mr. Hayes suggested. 

Mr. Farnham : You said one wire against all the others 
grounded? 

Mr. Hamilton: Yes. 

Mr. Farnham: Suppose you leave off the word 
“ grounded ^? 

Mr. Hamilton: Yes; it would be about the same, but 
you might as well put the word ‘‘ grounded " in. 

Mr. Barrett : If we make the tests, as we have always 
made them, it gives a standpoint for comparison with old 
standards and with old cables. It seems to me desirable 
toleave it just as we have been accustomed to leave it, 
and that isto test any one wire against all the others 
grounded. If you test one wire against its mate alone it 
is adopting an entirely new standard for testing cables, 
and it does not practically make any difference. If we 
adopted a new standard it would be all right, and at the 
same time it would be a change from the method of test- 
ing cables which we have been accustomed to use. I don't 
see any advantage in making the change. 

Mr. Farnham: In our practice we have always been in 
the habit of measuring both the capacity and insulation of 
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one wire against all others, or against all others grounded, 
as you please to put it, believing that to be the worst con- 
dition in which we could take a cable. If it be satisfac- 
tory in the worst condition it would be satisfactory in 
every condition. But I understand from Mr. Hayes that 
there is a possibility of so making the cable as to reduce 
the static capacity between the two wires of a pair with- 
out reducing it also between the wire and the other wires 
of the cable. If this is true I think his proposition should 
have full consideration. 

Mr. Patterson: With the present method of measuring 
capacity the greater part is found between the wire and 
its mate. If you cut the mate out of the bunch you show 
it much more than if you cut the bunch out and leave the 
mate. If some new way of constructing the core should 
be brought forward which should keep the capacity be- 
tween the two wires of the pair high and would bring the 
wires of different pairs nearer together, that rule would 
not hold good; the capacity would be more affected in the 
latter case. 

Mr. Hall: Do I understand, Mr. Hayes, that in the plan 
which Mr. Farnham says you have under consideration, 
the test of one wire against all the others grounded would 
be worse than it is in the present construction of cable? 

Mr. Hayes: It would be different. It seems to me that 
the important factor, as far as transmission is concerned, 
is the capacity between the two wires of the pair. We 
might specify two things. 

Mr. Hall: But we have specified now for conductors 
twisted in pairs and prescribed how the twist is to be made, 
and now we are prescribing a test for wires so laid up. If 
you are going to change the method of laying up then you 
are bringing up the whole specification for revision. 

Mr. Hayes: There is nothing in the specification that I 
can see that would affect the point in question. 

Mr. Hamillon: I think propably the best way to dispose 
of that would be this: take two pairs, test them together 
singly without any other wires near them and get a cer- 
tain capacity; then test those two pairs with a lot of other 
wires in the neighborhood, and I think the capacity 
would be higher. If you take each wire separately with 
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all the others grounded it gives a constant standard all the 
way through. 

Mr. Hall: If that gives us .18, then if there is an im- 
proved method for laying up the cable the service will get 
the benefit of that; because cable could not be made under 
the standard as suggested unless it had the capacity, of 
one conductor with all the others grounded, of not more 
than .18; so that this suggestion may be regarded in the 
nature of a gain, provided the cable came upto the standard 
in other respects. 

Mr. Hayes : I think so. 

Mr. Hall; It is then on the safe side to leave it as it is 
and insert the words ‘‘each wire being tested against all 
the others grounded." The motion is made now that that 
clause be adopted. 

Mr. Hamilton: I second the motion. (Carried.) 

Mr. Hall: That disposes of everything that was con- 
sidered at the 1887 conference. Since that time some new 
questions have arisen; questions connected with the me- 
chanical part of the subject, the protection of the lead 
pipe against corrosion, the size of ducts to be put in un- 
derground systems, the manner of connecting terminals, 
running out bridle wires, and the problem generally of 
connecting the cable with overhead ‘plant or with the 
offices. I think that we had better adjourn now until to- 
morrow morning, and we will devote to-morrow, or so 
much of it as may be necessary, to the consideration of 
those questions. 


Adjourned to Wednesday, May 15, 1889, at 10 A. M. 
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NEW YORK, May 15, 1889. 


Mr. Hall: We will take up this morning the subject of 
protecting lead pipe from corrosion. Mr. Hayes has a 
paper on that subject which he will read. 

Mr. Hayes read the following paper: 

** have been asked to say a few words on the subject of 


the injurious action which had been noticed on the lead 
sheaths of many of our underground cables. Our attention 
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was called to this action in September, 188S. At that timea 
careful examination was made of most of the underground 
cables then in use. In the laboratory of the American 
Bell Telephone Company tests have been made from that 
time to the present upon the several chemical problems 
which this question has brought up. Within the past few 
weeks some of the cables examined last autumn have again 
been looked at. It is upon information gained from this 
work that the present paper is based. 

"The exciting agents in the destruction of the lead 
coverings of underground cables are vegetable acids. 
There are a large number of these acids, varying from 
each other iu the number of atoms of carbon, hydrogen 
and' oxygen which they contain. For our purposes it is 
unnecessary to distinguish between them. They may be 
all formed, generally speaking, by a fermentation or decay 
of organic matter, and all are capable of forming salts 
with the metals to a greater or lessextent. Someof these 
acids, notably acetic acid, have a greater affinity for lead, 
tending to form a lead salt—which salts are unstable in the 
presence of carbonic oxides, and are easily changed into 
the carbonates, especially if in the presence of moisture. 
In this change to the carbonate the acid is set free and the 
lead is again attacked. 

“We are at present using generally lead-covered cables 
drawn into ducts made of various materials and 1n various 
ways. As in most cases the ducts are larger than the 
cable, the cable is surrounded by air and whatever im- 
purities it may contain. In most of our large cities these 
impurities, mostly illuminating gases which escape from 
the supply mains, and, in some cases, sewer gas, are in 
sufficient quantities to fill the ducts and manholes, thus 
furnishing a large amount of the carbonic oxides. Con- 
sequently we have always on hand the secondary agent 
needed for the formation of the carbonate of lead, and all 
that is requisite is the exciting agent. If the conduits 
are laid in a soil containing any decaying organic matter, 
every precaution must be taken to keep the acids which 
are liable to be formed from entering the ducts. Sufficient 
attention has never been given to this point. We have 
used conduits made of wood, iron pipes laid in cement, 
and cement.lined iron pipes, as well as cement, concrete, 
and various other materials; but from all that I have ob- 
served none are water-tight, with the possible exception of 
iron pipes laid in cement. As these latter pipes are liable 
to be destroyed, it is a fact that we have no conduits in 
use which we are sure will remain perfectly tight. If the 
soil in which the ducts are laid is of a sandy or gravelly 
nature this question is of less importance, but unfort- 
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unátely in most of our cities the soil is more or less sat- 
urated with organic matter. 

* Again, we must be assured that the material of 
which the ducts are made does not in itself contain the 
primary agent. In wooden conduits this possibility is 
greatest. For our conduits we use wood from which the 
sap has been withdrawn and its place filled with some 
preservative substance. Itis upon the thoroughness with 
which this work is done that the duration of the conduit 
and the life of the cables depend. If sap remains in the 
wood a fermentation is certain to take place, resulting in 
the destruction of the conduit as well as in the loss of the 
cables, through the organic acids thus formed. If, how- 
ever, the wood is properly treated by drawing off all the 
sap and filling the pores of the wood with some substance 
which in itself is not injurious to lead there is no reason 
why there should be any loss of cables, and every reason 
to believe that the life of the conduit would far exceed 
that of iron ducts and many other forms now in use. 
Whether the preservative substance acts upon lead can 
readily be determined by a chemist. Whether or not the 
sap is properly withdrawn cannot, as far as I can see, be 
determined except by inspection of the lumber throughout 
its preparation. As this in most cases is impossible, the 
only thing that remains to be done is to be assured that 
the process is a proper one, and trust to the manufacturer. 

‘ The requirements for proper treatment seem to me 
to be outside the scope of the present paper; it is suffi- 
cient to say that I have examined carefully some of the 
principal manufactories of creosoted lumber, and have 
found in some places care and intelligence employed and 
in others as great a lack of both. 

** Cement and lime conduits have been recently charac- 
terized by the ablest German authority on this subject as 
unsafe for the reception of lead-covered cables, for, as he 
says, ‘lime and cement are in themselves injurious.’ If 
this isso, the matter should be given immediate attention, 
as cement pipes are being largely used. 

'* There is in the minds of many people a doubt whether 
or not there would be a galvanic action between the iron 
of the ducts and the lead of the cables. I have looked 
carefully into this matter and am satisfied that such an 
action does take place, but it is the iron which is eaten 
away and deposited upon the lead. I have seen places 
where this action has actually taken place, the lead pipe 
being covered with a black coating of iron. This coating 
is porous and offers no protection to the lead. 

' If the facts as above stated are true, namely, that the 
lead sheaths on our cables, as at present made, areliable to 
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be destroyed in the course of a few years, no matter what 
the nature of the ducts may be wherein they are laid, the 
question naturally arises, what must be done to protect the 
cables? It does not seem possible without enormous ex- 
pense to make all ducts now in use absolutely water-tight; 
consequently a remedy must be sought by protecting the 
cables themselves. This can be done by making the 
sheath of some other substance than lead which, in itself, 
will resist chemical action. An alloy of lead and tin has 
been used which has apparently increased the difficulty 
with which the chemical action can take place. At present 
not more than seven per cent. of tin is employed. If this 
percentage could be increased the resistance to this action 
would be increased. Iam told, however, that there are 
mechanical reasons why this cannot be done. As nothing 
better than this lead and tin alloy has been suggested, the 
only thing that remains for us to do is to protect the 
sheaths. Such a protection must be tough, flexible, and 
not in itself likely to be destroyed by the acids and vapors 
of our subways. Nothing has suggested itself which 
seems to me superior toasphaltum or coal tar. Asthis can 
be applied only before the cable is placed underground it 
must be protected from the abrasion liable to occur in the 

rocess of drawing the cable into the conduits. This has 
dd accomplished, and to my mind satisfactorily, by cover- 
ing the asphalt with a braid of hemp, jute, asbestos or 
some other similar material, which is itself thoroughl 
saturated and impregnated with a preserving compound. 
A cable made in this way can be drawn into any duct with- 
out suffering injury. I speak with certainty in this matter, 
as I have seen it done under the worst conditions. 

“The only point that can be doubted about a cable of 
this kind is whether the braid will last or not. When the 
cable is once drawn in, even though the braid is soon de- 
stroyed, the inner coating of asphalt will remain intact, 
consequently the lead sheath will be well protected, but it 
seems impossible to believe that a braid properly treated 
could be destroyed. That the asphalt will be uninjured I 
think no one can doubt. 

* Before closing this paper I want to speak of a fact 
which has considerable interest in this connection. When 
water-works were first introduced into our large cities, as 
you all probably remember, green pump logs were used 
.as the mains. The connections were made from these ` 
logs to the houses by means of small lead pipes. In a few 
weeks it was found that the pipes inside the logs had been 
completely eaten away. A remedy was sought and found. 
The end of the pipes were tarred and wrapped with a tarred 
cloth, and the connections remained good as long as the 
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pump logs were used. There is no need of my pointing 
out the similarity between this case and ours." 


Mr. Hayes: Since writing this a paper on this subject 
has been written by Dr. Siemens of Siemens & Halske, 
of Germany, which brings up this very point, and I 
should like to read it if I may. 


*In Germany we have, during the last generation, 
made extensive trials of lead pipes, and have met with 
many a bitter experience in these trials. During the years 
1847-50 a large number of G. P. cables were laid without 
any external protection, and were destroyed by external 
injury, chiefly caused by field-mice, rats, and other ro- 
dents. It was then attempted to protect the cables by lead 
sheathing; but this attempt too failed, because the animals 
gnawed through the lead. It was then found that the 
lead, which on the whole had been so well preserved in 
the soil that even now, after forty years, completely well 
preserved lead cables are dug out, had been completely 
destroyed in certain places and after a very short time. 
Upon investigation it was found that wherever the lead 
was in direct contact with the decaying vegefable matter 
it was converted into carbonates or acetates, whilst in soil 
free from organic matter it is preserved without change 
for thousands of years, as the remains of Roman water- 
works have proved. The lead pipe had, therefore, along 
its whole length, to be protected against contact with de- 
caying organic matter, which was the more difficult as it 
was found that embedding in lime or cement also has an 
injurious effect upon the preservation of the lead. It is 
the result of many years of trial which has led to the 
conviction that a coat of asphalt on the lead pipe, and a 
subsequent covering with a layer of asphalted hemp or 
jute, form a perfect protection. But this protecting cover 
itself wanted a protection against external injury from 
men and animals.” 


I need not read any further, as that is covered by our 
present iron conduit. 

Mr. Hall: As the life of the lead-covered cable depends 
almost entirely on the life of the lead pipe, this is about 
the most important question we have for consideration. 
It seems to be pretty well established that corrosion is going 
on to a greater or less extent in nearly all of the lead pipe 
cables, and noticeably so in the cables laid in some of the 
creosoted wooden ducts. The question for us to consider 
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now is what we will do to protect our pipes against this 
corrosion, and I would suggest that we formulate an ad- 
ditional clause in our specification providing for some 
method of protecting the outside of the pipe. 

Mr. Wilson: Mr. Chairman, it might be interesting to 
the gentlemen to hear of some observations that I made 
in Chicago on our cables with respect to their deteriora- 
tion —that is, the deterioration of thelead pipe. I haveex- 
amined all the different cables that we have in various 
kinds of conduits in Chicago, and I fail to find 
any appreciable deterioration of the lead except- in 
those conduits where they are laid in creosoted wood. 
Last week I had a Dorsett conduit opened intermediate 
between two manholes, so that I might see the cable as 
it would be in the main part of the conduit, and all the 
pipes were just as bright and free from any action as 
though they had only been down for a short time. In the 
manholes they had become soiled and dirty, but I do not 
find any action on the lead in the nature of chemical ac- 
tion excepting where the creosoted or wooden ducts have 
been used. The cables that’ I have examined have been 
down as long as three or four years. I had a piece of 
cable drawn out of an iron pipe, a section about 400 feet, 
within the past four weeks, and that cable had been down 
about two years and there was no appreciable action upon 
it. So that we are inclined to the conclusion that, so 
far as the conditions at Chicago are concerned, the only 
cables that we have from which we apprehend any danger 
of that kind are those laid in the wooden ducts. 

Mr. Eckert: Mr. Chairman, I think it would be interest- 
ing to hear from Mr. Reilly his experience in Brooklyn as 
to the creosoted ducts. 

Mr. Reilly: The paper read yesterday I think states very 
clearly, at least I attempted to state clearly, the fact that 
all cables in creosoted conduits laid at different times in 
Brooklyn showed some action, more or less. All the pure 
lead-covered cables laid originally in 1885 have been re. 
moved, and samples are here on the table showing the re- 
sult of the deterioration. All the cables that were covered 
with an alloy of tin and lead are in use yet and show very 
little action—very little; still there is evidently a very 
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slight action; we cannot tell how long it will be before it 
will be serious. Iam of the opinion that it would be well 
, to consider very carefully the question of covering the lead 
with braid or tape saturated with some compound to pre- 
serve it. I am very strongly of that opinion. If Mr. 
Eckert will give us the results of his observation and ex- 
perience in New York we may know more about the re- 
sults of the effect of gases in New York in the iron pipes. 

Mr. Eckert: So far as the wooden ducts are concerned, 
they are buried out of sight. Those cables are the first 
that were put in—the first Patterson cables that were laid. 
They were laid in the ducts, and the ducts filled up with 
sand as a protection, and of course they are in for good. 
We can only determine that by tearing up the street. 

Mr. Reilly: How about the cables in the iron pipes? 

Mr. Eckert: The condition of the cables in the iron pipes, 
so far as I have been able to ascertain in my last report, 
is that they are in very good shape; there is very little, if 
any, deterioration. I omitted that in my report yester- 
day. 

Mr. Reilly: That seems to be the result where the lead 
and tin alloy is used. The question is how long that will 
continue to act as a safeguard to the cable. 

Mr. Hibbard: I have observed in New York, within the 
past three weeks, in, I think, two manholes, cables which 
I think had been in at least a vear and a half, possibly 
two years, and in one instance it was a cable which had 
been drawn out of the duct; there was a place six or 
eight feet that had been drawn out, and excepting that it 
had turned rather dark, there was apparently no indica- 
tion that anything had taken place, no indication of any 
eating or anything of that sort, but it looked black and 
dirty. That was in iron conduits. 

Mr. Wilson: I suppose, Mr. Hibbard, that they are now 
going through the process that Mr. Hayes ERE 

Mr. Hibbard: I don't know what it was. 

Mr. Hayes: A flaky deposit on the lead—a black, flaky 
deposit. 

Mr. Hibbard: I think it had the appearance as if there 
had been dust or something of the sort. It was so fine 
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that it did not appear like a flake. It was more like a 
little fine black dust or powder. 

Mr. Crandall: Mr. Chairman, in connection with this 
subject of asphalt being a protection to the cable, I would 
like to say that in Washington nearly all our cables are 
laid in asphalt, and have been for three or four years. 
We have had occasion several times to dig them up, and 
there is no tarnish in our cable at all; it is just as perfect 
as when it was laid. 

Mr. Hall: In that case it is solid? 

Mr. Crandall; Laid solid; no chance for air. —— 

Mr. Eckert: I would like to ask Mr. Hayes if he will 
describe the cables that he inspected the other day at 
Vesey street and Broadwav. 

Mr. Hayes: The cable that I noticed was in the manhole 
at the corner of Dey street and Broadway. There the 
cable has a decided deposit of iron on it, and in some places 
there seemed to be little pits where a chemical action had 
evidently started; but as a general rule the cables in the 
New York iron conduits do not show corrosion, except in 
some places where there seems to be a little incipient 
action. Of course my examination is confined to man- 
holes, and whether this action occurs between manholes 
or not it is impossible to say. 

Mr. Patterson: I would like to ask Mr. Hayes if he ex- 
amined those thoroughly enough to besurethat they were 
not mechanical dents formed by handling the cable. 

Mr. Hayes: I think undoubtedly they were chemical re- 
sults. 

Mr. Hibbard: Has this formation been found in Boston 
in iron pipes? 

Mr. Hayes: In Boston in iron pipes there is no action; 
but there the iron pipes are laid in almost perfectly dry soil 
and a gravelly soil, so I do not see how any action would 
be likely to occur. It is only where the soil contains or- 
ganic matter and the ducts are leaky that we get this ac- 
tion. 

Mr. Reilly: I would like to ask Mr. Hayes if a consider- 
able amount of dampness would not act just as seriously 
as if the conduit became thoroughly wet by water and rain. 

Mr. Huyes: It undoubtedly would if there was any or- 
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ganic matter. We have got to have, as I understand it, 
some exciting agent first, and it will then be acted upon 
by the carbonic oxide in the air. 

Mr. Crandall: I would like to ask for information if this 
action is noticed in the cement conduits. 

Mr. Hall: Has any one knowledge of any corrosion in 
cement pipes? The amount of cement pipe laid is very 
small in proportion to the extent of the underground 
system. 

Mr. Hibbard: I think that it may be of interest to say 
here that in our wooden underground system in Philadel- 
phia we have two manholes with the ducts extending be- 
tween them, which twice a day areunder water; that is, 
they are so near the edge of the water and so low that the 
tides run in and out through them; and in such conduit, 
which is flooded by the tidewater twice a day, no local 
action, whatever, has taken place.  Iguess the cables are 
as perfect as when they were drawn, excepting that they 
are very dirty. 

Mr. Reilly : It seems to me, Mr. Hayes, the conditions 
would be right there for the action under those circum- 
stances—to get the organic matter and the moisture. 

Mr. Hayes: I should say if the organic matter was there 
it was so quickly washed out that it did no harm. 

Mr. Reilly: I suppose it must be, since there is no 
action. ‘That is at Walnut street, is it ? 

Mr. Hibbard: That is at the foot of the dock. 

Mr. Reilly : I might ask Mr. Hayes if he examined any 
of the cables in the cement pipes in New York? 

Mr. Hayes : No; my attention was only called to a pos- 
sible danger from cement and lime last week. I should 
not fear any action from cement or lime which had set. 
I think the action mentioned by Mr. Siemens is the action 
which occurs when lead is surrounded by cement before it 
is set. Then, of course, there is a liability of the forma- 
tion of carbonic oxide. 

Mr. Patterson : About three years ago there was a con- 
siderable amount of cable laid in Chicago, in wooden box 
and hung up on strings, and the cement poured around 
it. I have seen it at several points where the cement has 
been broken away in making repairs and there was no 
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chemical action appreciable. The pipe was pitted all over 
with little dents caused by the sharp sand being packed 
in around; but on examining it with a magnifying glass 
it showed the smooth surface of the lead, and showed that 
it was not caused by chemical action. That was a mix- 
ture of hydraulic cement; I have forgotten the brand; I 
think it was a German brand. It was poured in and al- 
lowed to set around the cable. 

Mr. Hayes: I should have personally very little fear 
from cement around lead pipe, except from its possible 
„porosity. 

Mr. Crandall : There is a regular cement pipe. 

Mr. Hayes : Yes. 

Mr. Crandall: You would not apprehend any trouble 
after the cement has set? 

Mr. Hayes : I should not, from what Mr. Patterson has 
said. 

Mr. Hall: Mr. Patterson, you have a memorandum 
which bears, I think, on this subject. 


Mr. Patterson read the following paper: 


** CORROSION OF PIPES OF UNDERGROUND CABLES. 


'*'The first important underground cable laid by the 
Western Electric Company was made during the summer 
of 1882 forthe Western Indiana Railroad Company. This 
cable was protected by a wooden box made out of pine 
timber 4” x 6’, with a 2” square groove cut through it, into 
which the cable was laid, and a 2” plank nailed over it. 
The cable itself was 13” outside diameter, and contained 20 
No. 16 conductors. ‘The route of the cable was from the 
rear of the Company’s building on Washington street 
through an alley to Dearborn street, down the east side of 
Dearborn street--which then extended only to Jackson 
street—and then through an unpaved alley to Taylor 
street; then it went under the sidewalk to Twelfth street 
where was located the train dispatcher’s office; from 
Twelfth street to Archer avenue along the railroad track. 
The pipe was of our usual composition, containing 3% 
tin, and the box was laid in all sorts of soil, and was ex- 
posed to about as many different conditions as it would be 
possible to get into that length. The cable worked suc- 
cessfully until the summer of 1884, when Dearborn street 
was paved. The Company were about moving their offices 
to Polk street and neglected to take any care of the cable 
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while the street was being paved, and the result was that 
it was injured in several places, one of which we repaired, 
but were refused permits to open at any other points on 
account of the stone pavement. As that part of the cable 
was not of much use to the Railroad Company after the 
removal of their offices, they abandoned it north of Polk 
street. All record of the exact location of the cable south 
of Polk street was lost by the tearing down of all the 
houses, and the relocation of the railroad tracks which 
governed the original route of the cable. Some extensive 
repairs were made on the cable in 1887, where it had been 
injured by street improvements, and by the work in the 
railroad yard; and caused also by the removal of several, 
of the offices which were originally connected with it. 
When the Santa Fé road built into the city last year, the 
cable was still further disturbed and injured. An attempt 
was made to repair it, but as the location of the splicing 
and test boxes was lost, and as the only way to find the 
cable was to begin at the end and dig it up, they have 
probably decided to abandon it. Thesample which I show 
here was taken out a few days ago, and shows the average 
condition of the pipe wherever it has been exposed, and 
the usual nature of the injury to the cable. 

‘Upon examining this cable at the time when these re- 
pairs or changes were made, no corrosion was discovered 
m the pipe, with a few exceptions. These were where the 
route lay through an alley back of a stable, and where it 
had been exposed to the drainage from a pile of horse 
manure, and in another place where the grade had been 
raised bv a filling of street sweepings and other refuse. In 
these cases the action was apparently not continuous like 
the formation of carbonate by acetic acid, but would cease 
when the original cause was removed. The pipe was 
slightly pitted, but free from scale. The pipe was eaten 
about half through in six years. | 

‘In the summer of 1882 we also furnished the Tele- 
phone Company at Pittsburg a similar underground cable, 
which was laid in wooden boxes filled with coal tar con- 
crete. In the summer of 1533 we laid two 20-wire cables, 
the same kind of cables laid the previous year for the 
Western Indiana Railroad Company, for the Postal Tele- 
graph Company. These cables were each about four and 
one-fourth miles long, extending from the office of the 
Company on La Salle street to the city limits. Most of 
this was laid in the original Johnston conduit. Part of it 
was laid in the ground with plank over it, and part of it 
with no protection whatever for over a year. The portion 
of the conduit which extended under the paved streets 
was filled with gases, and subject to slight explosions. 
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The portion below Twenty-second street was through an 
unpaved street and considerably below grade, so that it 
was exposed to surface water and sometimes to an over- 
flow from the sewers. In all this part of the route, when 
the manholes or conduit was not filled with water, there 
was always an accumulation of carbonic acid gas, so that 
‘our usual custom was, when making tests or changes in 
these cables, to light a torch and throw it into the man- 
hole, and await results. If filled with explosive gases, 
there would be a puff of flame; and if with carbonic acid 
gas, the torch would go out, when we would be obliged to 
light a bundle of paper or waste and lowerit down into the 
manhole, and so create a circulation of air which would 
force out the carbonic acid gas and render it possible to 
work in the manhole. No corrosion has ever been dis- 
covered at any place in the cables, and they are working 
satisfactorily at the present time. 

' In 1884 we furnished underground cables for Pitts- 
burg, Washington and Brooklyn, which were laid under 
different conditions, and, so far asI know, are working 
successfully now. 

“The Pittsburg cable was laid in coal tar concrete the 
same as in the year before, the Washington cable had a 
protection of wood without any preservative treatment, 
and the Brooklyn cable was laid in a wooden box treated 
with creosote or dead oilof tar. From this time on the 
number of underground cables has rapidly multiplied, and 
they have been laid in all sorts of conduits: drawn into 
cast-iron and wrought-iron pipe, Dorsett's asphalt, cement 
pipes, and wooden boxes of several kinds; also embedded 
in asphalt, concrete and dry sand. 

** Under but one of these conditions, namely, in wooden 
boxes, have we met with any cases of corrosion in the 
composition pipe. Cases of apparent corrosion are fre- 
quent. In nearly all cases the pipe shows a surface cor- 
rosion—a uniform, hard, dark-colored coating, which does 
not increase after a few months, and which seems to pro- 
tect the pipe from further action. It is only when the 
corrosion takes the form of scattered irregular pits, show- 
ing the color of the lead, or when it is in the form of 
white scale, or of a white efflorescence with a pit under- 
neath, that anything is to be feared. In creosoted wood 
there is generally a deposit of white crystals on the pipe. 
The same is found on the iron and brick of the manholes, 
and is not injurious. The pipe underneath will be found 
simply discolored, and with no trace of corrosion. This 
is said to be naphthaline. 

** The corrosion in the coniposition pipe which has been 
noticed in Boston is undoubtedly caused by the presence 
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of considerable quantities of acetic acid. I understand 
that these conduits were built of Southern pine timber, 
apparently not thoroughly seasoned, and treated .with 
wood creosote. The corrosive action caused by acetic acid 
has been very marked in cables which have been laid but 
a comparatively short time. We made an unsuccessful 
attempt last fall to prevent further action on these cables 
by forcing into the conduits sulphureted hydrogen gas, 
with the expectation that it would form an insoluble lead 
sulphide which would protect the pipe from further action, 
but in cases where the action had already started this 
plan was not successful, as the gas did not seem to get to 
the fresh surface of the lead underneath the coating of 
carbonate. It is now proposed to paint the lead and braid 
it with cotton, also to saturate the braid with paint. The 
cotton or other material used for braiding is only of use 
to hold the paint, and prevent abrasion where the pipe 
finally rests against the wood, and where the paint might 
not spread before corrosion had commenced. Our experi- 
ence with all sorts of lines left in the ducts for drawing 
in cables, and with various kinds of tape used on other 
kinds of cable, has been that the fibre has rotted away in 
a short time. One of the apparent objections to the use 
of paint may after all result in rendering its protection 
permanent—that is, the fact that the paint is softened b 
the action of the vapors or gases in the conduits. This 
softening of the paint will allow it to spread over any 
portions of the pipe which were not originally thoroughly 
covered, or from which the paint may have been abraded 
by handling. Our chemist also suggests that the use of 
P. & B. paint on the pipe may permanently protect it, 
because the solvent used is bisulphide of carbon, the 
evaporation of which may tend to produce sulphide of 
lead, which could add to the resistance of the surface 
against corrosion. Our experience with sulphureted 
hydrogen applied directly shows that where the lead is 
clean there is no action as yet from the acid. However, 
it is the same with this as with the paint—it seems prob- : 
able that they will all get tired before the acid does, and 
that in conduits where acetic acid exists there is always 
a danger of its getting at the pipe unless it gradually dis- 
appears of itself, or some way is found of destroying or 
neutralizing it. The presence of acetic acid is accounted 
forin two ways: It may be a part of the so-called creo- 
sote, or it may be formed by the fermentation of the 
natural juices of the wood which have not been removed. 
“To sum up, I think the experience of seven years war- 
ants the following conclusions: 
‘1st. That cables covered with lead are more durable 
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' than those covered with any vulcanized compound, 

or with a natural gum. 

'* 9d. That cables covered with a composition pipe are more 
durable than those covered with pure lead. 

'* 8d. That cables covered with composition pipe require 
no further protection in conduits of iron, cements, 
and wood properly treated, and will withstand the 
action of water, carbonic oxide and dioxide, and 
hydrocarbon gases. 

* 4th. That in wooden conduits the absence of acetic 
acid should be assured by using wood thoroughly 
seasoned, kiln dried or steamed, to remove all natural 
juices, and treated with creosote free from acid; and 
that, as a further safeguard, the pipes should be 

ainted, or perhaps painted and braided. 

“5th. That where acetic acid is known to exist, the per- 
manent protection of cables is still problematical, but 
that painting and braiding seems the most promising 
plan, although it has not been tried enough to demon- 
strate its results. 

“6th. That, while it is not necessary to abandon the use 
of wood, it should be borne in mind that its use with- 
out proper safeguards may introduce causes which no 
cable has yet demonstrated its ability to withstand; 
and that the conduits should be water-tight, unless we 
are certain of the nature of the soil, so that the cable 
shall not be exposed to soil or water holding ammonia 
and nitrogen compounds. 

“ There is another danger besides corrosion to be con- 
sidered, and that is the injury or destruction of cables 
and conduits from explosions of gas. Instead of trying to 
seal up the manholes, I advocate ventilating them, if no 
other way, then by a simple perforated cover with a shield 
underneath to catch the dirt which falls through. This is 
fully as important a matter as any other, since,besides the 
danger to life from these explosions, the loss which would 
result from the destruction of a large number of cables in 
a manhole would be enormous. 

€ W. R. PATTERSON.” 


Mr. Crandall: Mr. Chairman, I would like to say that 
our first cables, laid in 1884, were laid in a wooden box, 
and were laid in coal tar, and the tar was expected by the 
engineer who laid the cable to become not solid but hard 
and tough. We found in three squares, from Fifteenth 
and I streets down New York avenue, where the office 
was, that the tar just ran down hill for three years, and 
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every little while we had to go and dig it up. "There was 
a lot of single wire threaded through porcelain cleats and 
this tar poured in. "Those wires were to be used for dis- 
tribution any where along the route of the conduit. 

Mr. Reilly; I think Mr. Patterson is entirely right in 
the suggestion that our manholes should have ventilators 
instead of being securely closed up. Our experience in 
Brooklyn satisfies us in that respect. Originally when we 
began to lay conduits we continued the laterals or outlets 
to the poles or house-tops where we intended to connect 
cables or branches, and those outlets acted as ventilators. 
Wehave never had an explosion in Brooklyn. All our 
conduits are and have been from the first ventilated in that 
way. 

Mr. Wilson: Mr. Chairman, I concur in that opinion 
about ventilating conduits, and I have been making some 
investigation with a view to determining the cause of ex- 
plosions which seem to have been of a spontaneous nature. 
I have conferred with gentlemen of experience in connec- 
tion with the Gas Company at Chicago, and am informed 
that when one part of illuminating gas is mixed with 
eight parts of air a chemical combination takes place 
which makes a very explosive product; but I am assured 
by these gentlemen that a very slight ventilation, such as 
a two-inch pipe would give to a manhole, would abso- 
lutely protect us against any spontaneous explosions of 
that kind. It seems that when this combination takes 
place the expansion is very enormous, and if the man- 
holes are perfectly tight and resist that expansion, enough 
heat is generated to ignite the gas; and if the manholes 
are properly ventilated to allow that expansion, no explo- 
sion will take place from that cause. Of course, that 
would not entirely relieve us from explosions caused by ig- 
nition, but if we go still further and create a draft through 
our conduits and manholes and keep them well ventilated, 
then I think all possibility of explosion would be removed. 
We are figuring on ventilating all our manholes in 
Chicago. 

Mr. Patterson: 'The explosive gas has got to be confined 
in order to do any injury when you ignite it, the same as 
any other explosive. I know on the Postal cable where 
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there was an accumulation of gas we used to burn it out 
of the conduit by taking the manhole off and putting a 
light in, and we could see it flash along the street through 
all the manholes. It never did any harm; but when it 
did get afire there in the winter time, when things were 
frozen, it wrecked some of the manholes entirely. 

Mr. Hall: We are getting a little away from the ques- 
tion under discussion, which is the protection of the cable 
pipes from corrosion. 

Mr. Hibbard: I should like to ask Mr. Hayes if it would 
not appear that the principal local destroying action has 
taken place in conduits where there was a lot of air all 
around the pipe itself. From his paper I would have in- 
ferred that on the underground which Mr. Patterson put 
in for the railroad it would have eaten up a pipe, but 
apparently it did not; it did not seem to have any effect 
whatever on it although it was pure pine, untreated pine, 
as I understand it. Now, if it had nad air all around it in 
any quantity I would have expected, from Mr. Hayes’ 
paper, that it would have been destroyed ever so quickly, 
but it apparently was not. How would you account for 
that, Mr. Hayes? 

Mr. Hayes: If the wood was not decayed there would 
be no formation of exciting agent which would cause the 
destruction of the cable, providing that the box wherein 
the cable was laid was perfectly tight. Air acts merely as 
a secondary agent, acting after the action of the primary 
agent, which is a vegetable acid. Now I can imagine that 
a wooden box in which there is no decay would furnish no 
material for the primary agent, no matter if the secondary 
agent was there in large quantities. 

Mr. Hibbard: Even if it were untreated wood? 

Mr. Hayes: Even if it were untreated wood, if it did 
not decay. 

Mr. Reilly: Would it not be well for Mr. Patterson to 
state whether he found the wood decayed or not? 

Mr. Patterson : The wood was not decayed in any case 
which I have seen. 

Mr. Wilson: Mr. Chairman, I think it is very clear that 
we should formulate some specification to cover cables 
such as are designed to be laid in wooden conduits, and it 
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seems to me that the safest plan is that which Mr. Hayes 
has proposed; that is, to coat the cables with asphaltum, 
and then cover them with a braiding of jute saturated 
with asphaltum, and then the cable to be thoroughly 
painted after the jute is put on. It seems to me that we 
have arrived at a point where that specification can be 
formulated for use where the cables are to be placed in 
such conduits as require some protection of that kind. 

Mr. Hall: I willask Mr. Hayes, Mr. Patterson and Mr. Bar- 
rett if they will please prepare a form of specification and 
report at our session this afternoon, and we will postpone 
further consideration of this subject until that specifi- 
tion is presented, and we will make that the basis of any 
future discussion on the subject. If there is no objection 
to that course, we will take it and drop the further con- 
sideration of the protection of the pipes for the present. 

In connection with the use of cables, the matter of the 
arrangement and construction of terminal heads and of 
the wires connecting cables with overhead lines or with 
office apparatus is of very great importance. I have asked 
Mr. Pickernell to prepare a memorandum on this subject 
for our consideration, and ask him now to read it. 

Mr. Pickernell read the following paper: 


| '* NEW YorK, May 13, 1889. 
“Mr. E. J. HALL, Jr., 
'* Vice-President and General Manager. 
** DEAR SIR: 

** At a conference held here on September 7th, 8th and 
9th, 1857, a standard form of underground cable was 
adopted. Since then many such cables have been made, 
laid and headed up in various forms of cable heads, no 
standard form having been decided upon. 

“ Having had now sufficient experience with the var- 
ious forms of cable heads, we should be in a position to 
recommend a standard form for general use. 

** Cable heads for 100-wire conference standard cable are 
necessarily made air-tight, generally of cast iron, and 
about 35 inches long by 5 inches wide. The terminals are 

laced either on the sides or on the front of the cable box, 
ah forms being used at the present time in heading up 
cables. 

** Various kinds of binding posts are still manufactured , 
the kind most commonly used in New York being the 
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form in which the wire is clamped by a pointed screw. 
We have had much trouble from this form, the jarring of 
the poe soon causing the screw to work loose. The 
double nut binding post is the best form we have yet 
found. Here the wire is clamped under a flat burr, which 
is screwed down by a small nut. A second nut is then 
screwed on which locks the first one, thus rendering it 
impossible for the connection to work loose. The binding 

osts are insulated from the cable head by hard rubber 

ushings. We have had considerable trouble with these, 
baving had three wires grounded by the bushings in 
Philadelphia. 

'* On the five-mile cable in New York we have had con- 
siderable leakage over the screw-thread surface of this 
bushing. Recently this screw thread has been cut away 
for about three-eighths of an inch, and this should pre- 
vent this source of leakage. 

“The two cable heads placed on the ends of the same 
cable sometimes differ materially both in size and in the 
arrangement of the terminals. Where the terminals are 
not numbered—and they never are when turned over to 
the telephone companies for use—unlike heads introduce 
unnecessary complication in the handling of the cable. I 
am of the opinion that every cable head should be num- 
bered at the factory, where it can be done cheaper and 
better than on the pole. A cable head recently intro- 
duced by the Southern New England Telephone Company, 
made of hard rubber and supplied with Hibbard arresters, 
has many strong features. The arresters are very compact 
in form, with one terminal of the cable attached directly to 
them; on this account such a head takes up very little 
room, and does away with the use of intermediate bridles. 

‘In adopting a standard form of cable head we woul 
do well to consider the following points: 

'* 1. Whether the binding posts should be on the side or 
on the front of the cable head. 

“Ja. Whether, when the binding posts are placed on 
the front, it would not be better to use a longer cable head 
and have only two rows of binding posts instead of four. 

**9. Which form of binding post to use, the pointed 
screw or the lock nut. 

*3. Should both the cable heads on the same cable be 
alike. (Of course, if a standard head, be adopted they will 
necessarily be so.) 

** 4. Should cable heads be numbered at the factory. 

** 5. The desirability of having a combination cable head 
and lightning arrester. 

** Another subject of considerable importance to all com- 
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pane handling any considerable amount of cable is cable 
oxes. 

** [ find great difference in the cable boxes used by dif- 
ferent companies, and even by the same company. I find 
cable boxes of pine, oak, ash, maple and iron, painted and 
unpainted, situated on the end of cross-arms, on cross- 
arms in line with the pole, on the pole between the cross- 
arms, and on the pole below the cross-arms. Some are 
provided with platforms, and others are not. 

'* One of the best forms I have yet seen is that in use by 
the Telephone Company at Chicago. This is made entirely 
of iron, circular in form, and completely surrounds the 
pole. Underneath the box is a circular platform with a 
railing. It is reported that four hundred wires are handled 
in a box of this form six feet long with as much ease as 
though they were in an office tower. 

'* A form of wooden cable box which we find to answer 
very well is made of pine, thoroughly painted inside and 
out. The door is double and hung from the top, the doors 
having a connecting link at the bottom, so that both open 
and close at the same time. The corners and joints are 
leaded and then tinned. The bottom is made double, giv- 
ing an intermediate space for distributing the cable. This 
box we place on the cross-arms in line with the poles. 

*" The following points occur to me as being worth con- 
sidering in connection with cable boxes: 

'* I. If the cable box is made of wood, what is the best 
kind of wood to use? 

:* 9. Location of cable box. 

'*8. Desirability of using Chicago iron cable tower. 

'* 4. Desirability of having double doors on cable boxes. 

‘5. The best form of platform to furnish with cable 
boxes. 

“ Still another subject well worthy of our consideration 
in connection with the use of cable is the bridle wires. 

“The loss of insulation at the bridle wires is consider- 
able, commonly being greater than the loss in many miles 
of underground cable. 

** The size of the bridle wire commonly used is from 14 
to 18 B. & S., insulated with rubber to an outside di- 
ameter varying from 45 of an inch to 3 of an inch. 

'! It is a common practice to use a braided rubber wire, 
the braid being applied to prevent the rubber cracking. 
After such wire has been up for fifteen or twenty months 
the paint commences to fall off the braid, and it absorbs 
moisture; this causes us a considerable loss in insulation 
on wet days, the wet surface of the braid touching 
generally both the line wire and cross-arm. 
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** Bridle wires are commonly wrapped to the line wires 
and then taped. We have had trouble with such connec- 
tions, and have for some time used McIntire joints for 
making this connection, using No. 18 B. &. S. bridle wire, 
and 12 x 16 McIntire sleeves. | 

'* In several places we have soldered the bridle wires on 
to the end of the copper line wire. In doing this the line 
wire is dead ended in the regular manner and the bridle 
soldered to the free end. It is important, of course, not 
to solder directly to the line wire, for the solder will anneal 
the wire slightly, forming a weak spot. 

“ Whenever we bridle from iron wires, we solder direct- 
ly to the line wire. | 

'* A common way of running bridle wires is to bunch 
them together under the cross-arm by passing them 
through hooks or ring-eyes and then down the pole in 
a loose mass to the cable box. In this condition they are 
exposed to the ice and snow of winter and are very easily 
reached by the lineman's spurs. 

'* We have been running our bridle wires for the past 
year through wooden cleats fastened under the cross-arms. 
From the cleat next the pole they enter a long bridle box, 
which runs down the pole between the arms to the cable 
box. This protects them thoroughly, and we have never 
had any trouble with bridle wires run in this manner. 
This bridle box is only four inches square and is hardly 
noticeable from the ground. 

“The following points should be examined and settled 
respecting bridle wires: 

‘* J. Proper diameter of conductor and diameter of insu. 
lation. 

'* 2. Is it good practice to use a braided wire? 

‘3. Best method for connecting bridle wires with line 
wires. 

'*4. Best method of running bridle wires. 

** Another point in which there seems to be much differ- 
ence in the practice of telephone companies is, the ground- 
ing of the ground plate of the lightning arresters. 

"I have found many times the ground plate of the 
arresters grounded on the sheath of the cable with a sin- 
gle strand of No. 18 B. & S. wire. Ido not consider this 
sized wire heavy enough. Where underground cables are 
covered with a braid an independent ground should be 
run. 

** We use for a ground on cable poles three strands of 
hard drawn copper, and the ground plates are connected 
directly with this. 

** Respecting ground wires, I think we would do well 
to consider the following points: 
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'* J. Proper size of ground wire. 
** 2. Necessity of running ground wires independently 
of the cable sheath. 
** Yours respectfully, 
“F. A. PICKERNELL, 
'* Superintendent of Equipment.” 


Mr. Pickernell: That rubber cable head that I men- 
tioned is here. We have some photographs of that iron 
lower in use in Chicago, which we will pass around. 

Mr. Hall: One of the towers is also here, is it not? 

Mr. Pickernell; Yes, I have a tower in my office. 

Mr. Hall: Mr. Pickernell has one of the Chicago iron 
towers in his office, so that you will have an opportunity 
to examine it there. 

Mr. Wilson: Mr. Chairman, I agree with Mr. Picker- 
nell on the subject of binding posts particularly. I think 
that the old style of binding posts, as they are generally 
made by the manufacturer for cable terminals, is simply 
abominable, and that all new terminals should be made 
with the clamp form of binding post. 1 think the same 
rule should apply to all binding posts, whether cable 
brackets, bells, or any form of apparatus. I think the old 
style of binding post should be obsolete. 

Mr. Reilly: I agree with Mr. Pickernell also in that ob- 
servation. 

Mr. Hibbard: We have been using a lock-nut binding 
screw for, I think, more than a year on all apparatus, as 
well as the heads of the cable which we have ordered, and 
I think we have had no trouble with it whatever, and it 
has possessed advantages wherever we have put it over 
any other form of binding screw. 

Mr. Wilson: In Chicago, where we have thousands of 
the old style of binding posts on our cable terminals, 
we have taken two copper burrs and placed them with a 
screw through the hole in the centre, and we now make 
our connection between those two burrs with a very satis- 
factory result, and by that means we have reduced the 
number of troubles and interruptions to our lines very 
materially. I would suggest that where that scheme has 
not been adopted it may be a very great advantage and 
utilize the old binding posts. 
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Mr. Crandall: I would like to state, as Mr. Pickernell 
spoke of some old-fashioned binding posts in Philadelphia, 
that we have been compelled'to change some of our heads 
in Washington. 

Mr. Reilly: That simply comes from poor rubber. In 
making a number of terminal heads some time ago we 
discovered that defect in a number of instances, and sim- 
ply drew them out, and now in each case it is bushed and 
driven in or screwed in, and it is tested before being sent 
out, so that we will know when it goes out that it is all 
right. 

Mr. Crandall: 1 would like also to ask, for information, 
what method you use for making your ground. 

Mr. Pickernell: We dig a hole beside the pole, and in 
one case we even dug out a pole at Bridgeport and dug all 
around it, and wrapped the line wire around the bottom 
of the pole, and in addition took a piece of galvanized iron 
pipe and drove it down. 

Mr. Crandall: We put a copper plate at the bottom of 
the pole about a quarter of an inch thick and run the wire 
down the pole all the way. 

Mr. Eckert : Mr. Chairman, I would like to offer a reso- 
lution that Mr. Pickernell’s suggestion for terminal heads 
be adopted. | 

Mr. Hall: He makes the suggestion in the first place 
that we adopt a standard form of cable head, and then 
makes a number of specific recommendations as to the 
particular features of that. Do you mean in your motion 
to approve the entire recommendations ? 

Mr. Eckert: Yes. 

Mr. Pickernell: I don’t think that I covered the heads 
specifically. I brought up those things for discussion, and 
I thought as a result of discussion we could decide on a 
specific cable head. I did not recommend any specific 
form. 

Mr. Reilly: I agree with Mr. Eckert as to the adoption 
of a standard terminal head, but I am opposed to any ter- 
minal head that has so many joints, that is made up in 
pieces and screwed together. Our experience with that 
kind of a head many years ago led us to abandon it abso- 
lutely, both for outside and inside purposes. We use now 
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the iron terminal, with a face joint, and that is sealed up 
by a rubber, which answers the purpose more or less satis- 
factorily. Of course it is necessary to watch the rubber, 
because it will decay. I am expecting estimates now upon 
the cost of making a rubber box similar to the present 
form of iron box, so that there will be but the one face 
joint, and into which the binding screw or lock screw 
would be set independent cf any secondary bushing. I 
think Mr. Pickernell’s suggestion that the same style of 
terminal head be used at both ends of the cable is a good 
one and should be adopted. In the matter of lightning 
arresters or electric light protectors, I have never felt very 
strongly the necessity for protecting the outer end, feeling 
that the greatest danger lay at the central office, and in 
the event of wires being opened they would be more 
readily discovered and repaired. There is less likelihood 
of injury by the linemen or workmen on the poles, 
trouble-hunters, etc. ; and the No. 18 copper wire that is 
used on cables will carry, so far as my experience goes— 
and it extends over a number of years—all the lightning 
charges that we have ever had to contend with, and also 
all the electric light influences that we have ever had. We 
have never had a cable injured by lightning or electric 
light. I don’t like the protection on the outer end, 
although I know I am rather lonely in that. 

Mr. Hibbard: Mr. Chairman, it is my observation that 
where a head is made to which the binding posts are 
attached on the front, that divers manners and methods 
of arrangement of the posts leads to much mixing-up of 
the lay-out. It is a difficult thing to tell which is No. 1, 
and having found No. 1 it is a problem as to which is its 
mate, that is, as to which is No. 2. Until the adoption of 
the twisted pair run I don’t think that this feature was as 
essential. I think that now, however, the time has ar- 
rived at which it is very essential that the twisted pair 
may be recognized at the terminals. If we lose track of 
them there we might as well not have them at all; and I 
don’t know of anything that has explicitly laid out such 
a plan as will make an error obvious or will make it plain at 
once to the workman what his pairs are except in this head 
which is presented to-day. In this, as I have understood 
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its preferable arrangement, all the odd numbers are on the 
left hand and all the even numbers are on the right hand; 
therefore the first pair, or 1 and 2, are at the top; 3 and 4 
are next, and so on; and any workman or lineman is able 
to understand that and put it up without making mis- 
takes. Then in this we also have a combined head and 
arrester, which is a good thing, inasmuch as it avoids all 
bridle wires within a box, and only one bridle is used, 
that being the one extending out of the box and to the 
line wire itself. 

Mr. Patterson: Mr. Chairman, I think that Mr. Picker- 
nell’s suggestion might in the main be covered by simply 
adopting as the specification for terminal head that it be 
waterproof and that the connection be made with lock-nut 
instead of with screw. That would leave sufficient margin 
for individual preferences or necessities in the actual form 
of the box; but I think the waterproof part of it should be 
insisted upon. 

Mr. Reilly: And I would suggest further that we state 
that the binding posts and connectors be arranged regu- 
larly and systematically at the front. Now they are on 
the side. 

Mr. Hibbard: No, they are not on the side; they are on 
the front. 

Mr. Patterson: I would say that the Western Electric 
terminals are made as they are ordered. If anybody 
orders binding posts on the front they get them, and if 
they order them on the side they get them—two rows.or 
four rows. 

Mr. Reilly: Our terminals are made with the binding 
posts on the side, and the upper one is always known as 
No. 1 and the next No. 2, and they run down in regular 
order. 

Mr. Hall: 'The point that Mr. Pickernell makes is that 
there is not any uniformity in practice. 

Mr. Reilly: Y think there should be a standard form and 
arrangement decided upon. 

Mr. Hibbard : I would make this recommendation: that 
rather than number them as Mr. Reilly says, No. 1 and 
immediately under that Nos. 2, 3, 4, 5, etc., that all of the 
binding screws be in two rows, with one row on one side 
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and the other on the other side of the head, and the odd 
numbers be all on the left-hand side, and the even num- 
bers opposite them on the right-hand side, so that a pair 


of wires may be known by the fact that the binding 


screws are opposite. one another, and there is no oppor- 
tunity for mistake then. I think that will have this ad- 
vantage, if there is an advantage in this plan. that at any 
. time all of the spare wires which are unused would be 
found underneath where they may be reached without any 
trouble either in bridling or in handling. 

Mr. Reilly : Mr. Chairman, I think Mr. Hibbard's sug- 
gestion is a good one, and the only objection I would make 
to it is that it increases the length of the terminal head 
too much. You have not the space to put in a large ter- 
minal head. By doubling them up you get a very simple 
and accurate arrangement, and condense the space neces- 
sary to be occupied. That is the only objection that I 
should make to it. 

Mr. Hall: I think we would all agree as to the desira- 
bility of having a standard form of cable head, provided 
we could get one that would be generally satisfactory. At 
any rate it would be desirable to have a specification which 
would have the approval of a number of the people who 
have given particular study to this thing; and, as this is 
largely a matter of detail, I will suggest, if it meet your 
approval, that Mr. Reilly, Mr. Wilson and Mr. Pickernell 
take Mr. Pickernell’s paper and prepare a specification for 
a cable head, covering also in their report the additional 
points which Mr. Pickernell has referred to; that report 
to be made up as soon as convenient, and if not offered in 
time to be acted upon at this conference, to be made part 
of the printed proceedings. Does that suggestion meet 
your approval, oris there anything further that you desire 
to say about it here? 

Mr. Crandall: Mr. Chairman, in regard to Mr. Hib- 
bard's idea to have the binding posts on the side, that would 
not suit all the arresters used; for instance, the style that 
we use we could not connect in that way. We use two 
rows of binding posts in front of the head. l 

Mr. Hall: That becomes a matter for this Committee to 
consider. They will take up all points of that sort and 
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give them more careful consideration than we can do here 
in this body. 

Mr. Hibbard : Mr. Chairman, I should recommend that 
in taking that up they take up the whole subject of the 
terminal, the poles, heads, arresters, bridles, wires, cleats, 
joints, and in fact all the points which Mr. Pickernell has 
referred to in his paper. I don’t think that I know of any 
three gentlemen to whom these questions can better be 
referred. 

Mr. Hall: That was all covered in the recommenda- 
tion that Mr. Pickernell's paper be referred to this Com- 
mittee for a report on the points which he has mentioned. 

Mr. Crandall: I would like to say in regard to Baltimore 
that we have all our cable boxes ready made, ready to go 
on the pole. Of course, we consider that we have got a 
first-class box, and would not like to throw all that mate- 
rial away at this late day. ! 

Mr. Farnham : Mr. President, I judge from Mr. Picker- 
nell’s paper that he looks very favorably upon this box, 
which is made up of a number of pieces. I would like to 
emphasize my own feeling as being in favor of a strictly 
air-tight box. I think the trouble from low insulation is 
almost wholly in the head. I cannot conceive of a box 
made up of several pieces like that, being air-tight. If not 
air-tight the moisture must get in. 

Mr. Pickernell: Mr. Chairman, I would like to state 
here that this specific form of box I would not recommend, 
outside of the objection that Mr. Farnham has raised. I 
don't like the arrangement of the arrester. Ithink the 
ground is on the wrong side. I brought that up to show 
as a combination of arrester and cable head. I think the 
ground is on the wrong side of those arresters. 

Mr. Hall: Mr. Crandall has brought up his Washington 
box, which the Committee will have an opportunity to ex- 
amine and consider. We have this cable head here, and 
all the members of that Committee are familiar with the 
great variety of cable heads in use. 

Mr. Crandall: Mr. Hibbard explained the method of 
counting the heads, but I have not heard any plan for 
counting the poles. No. 1 and No. 2 being on opposite 
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sides of the head, it would make a peculiar arrangement of 
cross-arms. 

Mr. Hall: If there is nothing further on that point I 
will refer that paper to the Committee. 

There is an invention in regard to which Mr. Reilly 
has some very decided opinions. He has a short paper on 
a '‘ Circuit Connecting Device,” which explains itself. I 
will ask him to read it. 


Mr. Reilly read the following paper: 


** A METHOD AND APPARATUS FOR BREAKING UP THE 
PARALLELISM OF THE WIRES OF PAIRS IN CABLES. 


‘* During the 1887 conference it was decided that the time 
had arrived for introducing, in connection with the rapidly 
growing and very satisfactory long distance service, 
metallic circuit service in at least all the large exchanges, 
and a type of cables selected which would make such ser- 
vice possible. This was a great step in the right direction, 
generally accepted and approved, the only drawback being 
the increased expense incurred by the necessity for using 
in this type of cable a twisted pair of two wires for each 
subscriber, thus practically doubling the mileage of cable 
conductors in anticipation of metallic circuit requirements. 
This view of the situation was fully discussed, and while 
the idea of transposing the wires of the pairs in the cable 
was suggested, it was abandoned as impracticable. While 
we in Brooklyn were in hearty accord with the conclusions 
reached during the conference, and proceeded immediately 
to put them in practice, the commercial side of the ques- 
tion presented strong arguments in favor of an effort to 
overcome the treasury-reducing effects of this policy, and 
at the same time continue in the way of light and pro- 
gress by using the approved type of cable. ‘The results of 
our efforts is shown by rough models of connecting and 
transposing plates, hermetically sealable copper junction 
box, diagram herewith presented, whereby the pairs can 
be broken up, and a very even distribution of the conductors 
made, so that the cable can be used for single-wire sub- 
scribers entirely, or a combination of single and metallic 
circuits secured and used satisfactorily, until the cable is 
required for all metallic circuit use, when the restoration 
of the pairs is made rapidly, safely and economically. 

‘ In connecting up the sections of a cable the wires are 
regularly and permanently connected to the contacts upon 
the fixed plate in the junction box. The transpositions 
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are made upon the movable plate at the office or shop, 
and this plate then simply attached by screws to the fixed 
plate to which the conductors of the cable were previously 
connected, as stated. When it is desired to restore the 
pairs and utilize all or part of them for metallic circuits it 
1s only necessary to unseal the lid of the junction box and 
substitute another movable plate, upon which the trans- 
positions are made as desired, or upon which the wires 
are connected in pairs. If desired, the transposing plate 
can be done away with, and the transposition and restora- 
tion made by short wires connecting the proper conductors 
of the sections. This method, however, is open to the 
objection that it is not entirely reliable in street work and 
takes considerable time. 

'* A conference cable 7,500 feet in length, with transposi- 
tions about every 500 feet, shows that the cross-talk 1s no 
greater than when the cable is connected in pairs with 
one wire grounded at central and at the outer terminal, 
and much less than on a bunch cable of half the length. 
The insulation of this cable is high—500 megohms—and I 
know of no special reason why it should not continue so. 
Some of the economical features and special values of the 
invention may be stated, as— 

** Ist. Interest saving by reducing by nearly 50 per cent. 
the amount of capital required to be invested for cables, 
where only one wire of the pair is used. 

** 9d. Cable plant being thus reduced nearly 50 per cent., 
E and maintenance are proportionately re- 

uced. 

“3d. Saving in duct rental or other right of way 
charges. 

‘‘ These items may be said to represent a saving of from 
$500 to $1,000 a mile per annum during the period of 
transition. 

“ The object of this invention is not to replace or retard 
the growth of metallic circuits, but to cover the period of 
transition from single wires, and to enable us to take 
advantage of, and put in use meanwhile, at the least 
expense, the best type of cable made, thus preparing the 
way for what we all know must come—complete metallic 


circuit service. T 
‘SJ. C. REILLY. 
** Brooklyn, May 15, 1889.” 


Mr. Reilly produces a model and explains it to the mem- 
bers of the conference; also a diagram. 
Mr. Hall: It seems to me, Mr. Reilly, you ought to call 
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that a device for retarding the introduction of metallic cir- 
cuits. 

Mr. Reilly : I don’t regard it in that way myself. 

Mr. Hall: Ave there any questions in regard to Mr. 
Reilly’s invention? 

Mr. Barrett : It seems to me it would be in order for Mr. 
Reilly to state what he has done with this cable box in put- 
ting in the service in Brooklyn. 

Mr. Reilly: We have taken a mile and a half of cable, 
with transposition plates every 500 feet, and the results 
are entirely satisfactory; the cross-talk is very slight, and 
we are using between fifty and sixty of the wires. The 
reason why we put it in this cable was because we had more 
wires than the cable would contain if doubled up, and I 
would be obliged to run much larger cables. That is true 
of a number of cases in Brooklyn where we propose to 
put them in very shortly. "This cable is at points where 
we probably will not be able to use metallic circuits for a 
year or possibly two years, and under those circumstances 
it is desirable to utilize every wire in the cable, and at the 
same time have the cable that you do want when you use 
metallic circuits. 

Mr. Hall : The recommendation of the first conference 
on that point was that we use the metallic circuit cable, 
get our central offices equipped for metallic circuit opera- 
tion as soon as possible and then use the twin conductor as 
a return wire, grounding at the outer end of the cable; in 
that way giving the subscriber the benefit to some extent 
of a metallic circuit. 

Mr. Wilson : Mr. Chairman, that is not always practi- 
cable, because your metallic circuit cable may be inter- 
mediate between your office and your subscriber. 

Mr. Hall: In that case the twin conductor would be 
grounded at both ends of thecable. That, however, is not 
a frequent case. The Buffalo exchange system has been 
laid out exactly on the recommendation of the last cable 
conference, with a metallic circuit switchboard in which 
the operation is the same for all lines, whether metallic 
circuit absolutely or whether the central office is on a loop, 
the wires being grounded, one at the subscriber's office 
and the other at the outer end of the cable. In all cases 
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they keep the two wires of a pair together, from the drop 
at the central office to the farthest point to which the 
cable extends, and then continue the single wire from 
that to the subscriber, the intention being to take up the 
second wire and carry it through to the subscriber’s station 
just as rapidly as it can be arranged for. Probably inside 
of a year the entire Buffalo exchange will be operated ab- 
solutely as a metallic circuit exchange. 

Mr. Reilly: That arrangement of the circuit is only pos- 
sible, of course, where you have the several offices equipped 
with a metallic circuit board. 

Mr. Hall: That the Buffalo Company intends to do in 
all of its offices. 

Mr. Reilly: How is it in Rochester? 

Mr. Hall: In Rochester they have the same board that 
you have in Brooklyn, the single cord multiple board wired 
for metallic circuit, but with a single cord keyboard. I 
think that orders have been given to change that single 
cord keyboard to the double cord metallic circuit arrange- 
ment; and that office, while it has, as yet, only two or 
three metallic circuit subscribers, will be operated in a few 
months as a metallic circuit office; and it seems to me that 
that is the proper way to commence the construction of a 
metallic circuit system—to start first with your central 
office, get that thoroughly equipped for metallic circuits, 
and then build out from that to the extreme subscriber 
just as rapidly as you can. When you get any mixed 
System in, which will enable you to continue your grounded 
circuit switchboard, you still have a great step to take 
befove you can make the final change. 

Mr. Hibbard: Mr. Chairman, I would expect in this ex- 
pedient of Mr. Reilly’s that if he used long distance trans- 
mitters his induction to the twin wire, even in lengths of 
500 feet, would be so bad as to seriously interfere with his 
service. I know that it would entirely knock out our 
service; we could not put up with that amount of induc- 
tion. It has been found with us that in ordinary laid up 
rubber insulation cables on a length of, I think, under 500 
. feet there was such an amount of induction that we had to 
get out to the middle of it and transpose. I would expect, 
therefore, that it would prove an objection to the system. 
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Mr. Reilly: I have never heard that if these instruments 
were used there would be more cross-talk than with the 
ordinary Blake. Transposition could be made in 300 feet. 
Five hundred feet is the length we use as a matter of con- 
venience. 

Mr. Hibbard: I understood it was only possible to put 
this end at the manhole. If your manholes are not at 
every one or two hundred feet you could not put them in. 

Mr. Reilly: The manholes in New York City are about 
every 250 feet or less. Of course it is not restricted to un- 
derground work, though ordinarily it would be used there, 
if used at all, more generally than in overhead cables, as 
there are but few cables of that class being put up. 

Mr. Barrett: The main point in this affair seems to be 
whether it is desirable to provide conveniences by which 
these twin wire cables can be used as grounded circuits 
temporarily, and what effect that would have on the date 
of the transformation to metallic circuits. 

Mr. Farnham: Mr. President, in Boston we have had 
two or three instances where it seemed very desirable to 
use more than half of the conductors in the metallic cir- 
cuit cable and we have made a transposition which 
answered the purpose in an ordinary sleeve joint; but I 
certainly do not favor this practice, and after our conver- 
sation here to-day I have determined to advocate no 
further action in this direction with the cable, because 
when it comes to the general use of metallic circuits, as 
I believe we are very rapidly approaching in Boston, it 
will be another difficulty to overcome, as has been sug. 
gested by our President here, and it seems to me that such 
a use of metallic circuit cables having irregular transposi- 
tions in them should be limited very closely. In Boston 
so far there have only been two or three cables in which 
it seemed desirable to adopt this plan of using more than 
half of the wires in the cable, and it seems to me it ought 
to be limited very closely. If a general use is to be made 
of cables in this way it will hinder our going on to the 
metallic circuit svstem very seriously. 

Mr. Barrett: That is the basis upon which this thing . 
should be discussed, it seems to me, and not so much 
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upon the electrical and mechanical properties of the ap- 
paratus itself. 

Mr. Wilson: Mr. Chairman, I have not expressed my 
views about the scheme because it is not applicable to our 
plans at Chicago. We intend to go right ahead and put 
in metallic circuits, and I do not think the saving would 
justify us in introducing the temporary expedient of 
economy. If the plan is to put in metallic circuits and do 
it rapidly, it seems to me that any effort in the way of 
utilizing your cables for single wire circuits to tneir fullest 
capacity would not be worth the candle and would only 
retard the ultimate results. 

Mr. Hall: Is there anything further on this point? If 
not, I will ask Mr. Wilson if he will kindly explain to us 
the arrangement which he uses for distributing his under- 
ground cables in manholes. 

Mr. Wilson: I suppose, Mr. Chairman, you refer to the 
arrangement which we are proposing to use? 

Mr. Hall: Yes, of which you have amodel. I supposed 
it had been adopted. | 

Mr. Wilson: The distributing box on the table before 
you is the first sample of what we propose to use in our 
manholes at Chicago. Our Chicago plan contemplates a 
complete underground system in the central part of the 
city; that is, we propose to do our distributing under- 
ground as well as to have our main cables underground. 

Mr. Hall: By distributing underground do I understaud 
that you refer to the distribution toindividual subscribers? 

Mr. Wilson: That is what I mean. I mean that our 
plan at Chicago is to lay our main cables down the streets 
in such a way that we can get into a certain number of 
them at the manholes and take out as many wires as the 
adjacent telephones will require. The distributing wires in 
the cable are to be Okonite or Kerite wires, and will extend 
from the manholes into the basements of buildings near by. 
Our manholes are generally put about 400 feet apart. 
That will make the longest distance from a manhole to a 
building a trifle over 200 feet. If we have only one tele- 
phone in a building, we run from the nearest manhole one 
metallic circuit to that building. This distributing box is 
80 arranged that we can connect that metallic circuit on to 
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any pair of conductors we choose in the cable which is de- 
signed to supply the neighborhood; and if the telephone in 
question should be discontinued at any time, that pair of 
service wires may be disconnected from the cable and the 
pair of conductors connected through as before and util- 
ized from some other manhole. The distributing box isa 
very simple arrangement; the connections are all to be 
made with soldered joints, and the boxes provided with 
rubber gaskets on the two sides. It is made of iron and 
brass, so that when folded up it will be entirely water and 
gas tight. That is there before you and explains itself. 

Mr. Eckert: How many lateral connections would you 
make to a manhole—would you provide for? 

Mr. Wilson: The number of lateral connections pro- 
vided for in each terminal box would be according to the 
size of the cable from which distributions are to be made. 

Mr. Reilly: How is the lateral to reach the middle of the 
block--an underground duct? 

Mr. Wilson: The ducts which we propose to use are very 
large as compared with those adopted in New York. Our 
ducts are to be made out of glazed clay pipe, they are to 
be square, and with inside dimensions three and a half by 
eight inches. We expect to draw three main cables in 
each duct. The distributing ducts will have no main cable 
in them and will accommodate flexible wire in cables. If 
we want to draw a wire or cable into a building located 
200 feet from the main, the service pipe connecting 
the building with the distributing duct will be a three-inch 
clay pipe. We first go into the building and run out a 
jointed pole with a hook on the end of it into the main 
distributing duct, and we then draw a rod from one main 
to the other across that hook and then pull the rod into 
the building. Weattach to the rod the cable or conductors 
which we wish to connect with the building and pull them 
in. The laterals, as we call them, running from the main 
duct into the building, terminate in the building in a 
goose-neck iron pipe which we propose to fill with oil or a 
suitable fluid which will surround the wire and thus keep 
the gas from entering the building. That arrangement 
only applies to the business part of the city, of course, 
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where we have areaways and cellars in which we can 
make our distribution after we reach the building. 

Mr. Reilly: Then you keep a rod in the distributing 
ducts all the time? 

Mr. Wilson : Not necessarily; that rod can be kept in 
the distributing duct or not. 

Mr. Reilly : In case of therod being out, you could shove 
rods through? 

Mr. Wilson : In the usual manner; yes. 

Mr. Reilly : In the event of wires running beyond any 
one lateral, if you put the pole out and catch the rod, is 
there not danger of catching the wires which run by? 

Mr. Wilson: There is some danger. It must be done 
carefully. We propose to do our work generally with 
wires first twisted in pairs, which we will use up to 12 
telephones. Then we will use cables twisted in pairs to 
accommodate 12 telephones. "That is 21 single conductors 
in each cable, or 12 pairs. We will then have 25 pair 
cables; and with those three in three combinations wecan 
supply any number of telephones up to the full capacity 
of a lead cable, and when that point is reached, as it will 
be in some cases, we extend the main underground cable 
right into the building and make special provisions to 
do so. | 

Mr. Eckert : This system you put upon the house-tops? 

Mr. Wilson: In the business part of the city. Out in 
the residence locality we propose to distribute from poles 
in the alleys. | 

Mr. Crandall : You put a lateral into each house 

Mr. Wilson : We do not actually put a lateral into each 
house, but we provide a junction pipe so that laterals can 
be placed in each house. As a matter of fact, for econom- 
ical reasons we run from one building to the other. 

Mr. Crandall: Then, in the main part of the city you 
have a conduit on every street? 

Mr. Wilson : No, sir; not on every street. a 

Mr. Crandall : I understood you to say the longest loop 
you would have to run would be about 200 feet? 

Mr. Wilson: Until we reach a building; then we go 
from one building to the other, or under the sidewalk. If 
we have enough telephones in any particular locality to 
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justify it, we will run out either a main conduit or a 
lateral out of the street into the particular locality. 

Mr. Crandall: You would have to build a conduit 
specially for subscribers in some cases ? 

Mr. Wilson: That would be the case theoretically. 
Practically, in the business part of Chicago, we have sub- 
scribers on every street, and while we do not have con- 
duits on every street we have ways of reaching every block, 
either from one building to another, under the sidewalk or 
through the alleys. 

Mr. Reilly : Do you occupy the house-tops at all? 

Mr. Wilson : We do now, but we expect to remove all 
our wires and fixtures from the house-tops in the business 
part of the city. 

Mr. Hall : This system is not one which has been put 
into actual practice, but is a proposed one ? 

Mr. Wilson: It is a proposed one. 

Mr. Crandall: In these distributing boxes you cau 
divide your main cable into as many parts as you desire, 
according to the number of subscribers in that particular 
locality ? 

Mr. Wilson: The distributing box accommodates the 
entire cables on one side of the diaphragm. The other 
side of the diaphragm is so made that the conductors in 
that cable can be connected through, so as to make the 
main cable continuous, or the conductors can be separated, 
or rather divided, so as to be utilized in either direction 
and extended off through laterals. 

Mr. Crandall : And one main cable would answer, pos- 
sibly, for three or four squares ? 

Mr. Wilson : Depending altogether upon the number of 
telephones. 

Mr. Crandall : You absolutely make soldered joints, do 
you not ? 

Mr. Wilson: Yes, we make soldered joints wherever it 
is possiblein allour work. There is no difficulty in making 
changes where soldered joints are made properly. 

Mr. Farnham : Do you make any provision for insula- 
tion other than the clamping of the cover tight in the box? 

Mr. Wilson: We have not yet decided whether it will 
be necessary to make any further provision or not, but ib 
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is possible that the space which you can see there may be 
filled with oil ; and if we find it necessary to do that to 
keep the moisture out, or to expel the moisture after we 
have had the distributing box open, provisions for pouring 
in oil will be made. It hasalso been suggested that on the 
side of the diaphragm, which provides for the main cable, 
the space may be filled up entirely with paraffine or some 
insulating material of that description, but we hope that 
it will not be necessary to put anything in the box. 


INTERMISSION. 


AFTERNOON SESSION. 


Mr. Hall: The Committee on the Protection of Lead 
Pipe has reported a specification covering that subject, 
which I will read : 


‘Ist. The pipe to be thoroughly coated with asphalt. 

“2d. A protecting jacket to be laid on outside; this 
jacket to consist of at least two wrappings of tape, put on 
in reversed layers, and thoroughly impregnated with 
asphalt.” 


The question now is on adding that to the cable specifi- 
cations, as agreed to so far. 

Mr. Reilly : Mr. Chairman, do you think that should be 
restricted to asphalt as a preservative ? | 

Mr. Barrett : 'The term asphalt was regarded as broad 
enough to cover anything of that description, which has a 
strictly asphalt base; and all the experience on that sub- 
ject is in the direction of the value of using asphalt, and 
nothing else. P. & B. paint has an asphalt base, and 
many of the quick-drying black varnishes are made up on 
an asphalt base; so that if the cable is thoroughly pro- 
tected with asphalt it is not of any account, it seems to 
me, to specify more particularly at this point just how 
that should be put on or in combination with what other 
material. 

Mr. Reilly: Mr. Chairman, I think the advantage of 
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tape over braid might be brought up. I am in favor of 
the tape myself, and at the same time I would like to 
know what disadvantages exist in having braid. 

Mr. Barrett : The tape, to begin with, is no doubt very 
considerably cheaper than the braid, and the mesh of the 
tape would be very much less likely to cut through the 
varnish and leave the surface of the lead unprotected and 
exposed. 

Mr. Chairman: I move that the report be adopted. 

Mr. Hayes: Y second the motion. (Carried.) 

Mr. Hall: Mr. Hayes suggests that we have not decided 
upon a “lightning arrester” yet as a standard. 

Mr. Farnham : I would like to ask whether it is settled 
by this that all cables are to be covered with this tape for 
use in any kind of duct. I did not understand whether 
that was brought out clearly or not. 

Mr. Hall: I so understand it, because we are adopting a 
standard specification for telephone cables for all ex- 
change purposes. 

Mr. Farnham : You mentioned this morning that there 
might be a difference. I wanted to understand clearly. 

Mr. Hall: I think it is a very good idea to bring out 
the points for the purpose of discussion. 

Mr. Wilson: Y don’t understand that cables are to be 
covered with tape where there is no necessity for it. It 
has been pretty clearly shown that deterioration only takes 
place in certain kinds of conduits, laid under certain con- 
ditions, and the resolution, as I understand it, applies 
only to cables which are going to be subjected to these 
deteriorating influences. 

Mr. Reilly: That suggestion was made by Mr. Wilson 
this morning before this matter was referred to the Com- 
mittee. 

Mr. Patterson: Mr. Chairman, there is one other point 
to be considered: that while the protection of the tape and 
the paint is desirable, still there are some conduits and 
some material in which I think it would be impossible to 
draw the cable without tearing the tape or braid all to 
pieces. Some of the cement pipes and some of the Dorsett 
pipes are so rough and have such a raspy surface that I 
don't believe any fibrous material will stand the strain. 
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Mr. Wilson: My investigation in Chicago goes to show 
that we have no use for protection of that kind to preserve 
our lead pipe. 

Mr. Hall: There is one consideration in this, and that is 
that the cost of putting on the paint and braid is going to be 
a very trifling addition to the cost of the cable. Now, we 
all hope in laying down our underground system and put- 
ing in these cables that we are providing something which 
is to be in service for a great number of years. We are 
taking the chances of whatever may come up in the way 
of destructive influences during the life of the cables; and 
if, by a small additional sum, we can insure the cables, it . 
is a question whether it is not an advisable thing to do, 
even where, up to the present time, the absolute necessity 
for it has not been demonstrated. It is a question which 
I am very glad has been brought out and which ought to 
be considered. My understanding of the report of the 
Committee was that its recommendation was intended to 
cover cables for all underground work. 

Mr. Farnham: Many of our manholes in Boston receive 
both the wooden ducts and iron ducts, so, of course, in 
these cases there is danger to cables—at that end, at least, 
which passes into the iron ducts; and in several of the 
manholes that I have examined it has seemed to me that 
there was a slight corrosion even of cables that passed into 
the iron ducts. A very thin white coating in some cases 
appeared to be formed, and it seems to me it would cer- 
tainly be safer to apply the tape to all cables. 

Mr. Wilson: I would like to ask the question as to how 
much it will increase the cost of cables, if anybody can 
answer it. I don’t suppose we can tell. 

Mr. Reilly: I think Mr. Patterson could give an ap- 
proximate figure. 

Mr. Patterson : I think that the cost on a two-inch pipe 
would not be below three cents, and surely would not be 
over five cents afoot. Until we actually do more of the 
work than has yet been done in taping it is impossible to 
tell how fast it can be put on in good mechanical shape or 
what the exact cost will be. I think it will undoubtedly 
come within those limits. 

Mr. Davis: What is likely to be the life of that tape? 
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Mr. Patterson: That is something that is unknown. 
From our experience in leaving rope and cord in the ducts 
by which to draw in cables subsequently, the life of the 
fibre, we are inclined to think, will not be very great, but it 
will hold the asphalt in position and prevent abrasion on 
the under side where the fresh surface of the lead will be 
exposed. 

Mr. Davis: Do you think you could pull the cable out 
if the fibre was destroyed? 

Mr. Patterson : That would bea question in some cases. . 
It would depend a good deal upon the nature of the 
conduit. 

Mr. Farnham : It has been said here this forenoon that 
there have been found places where electrical or chemical 
change has taken place--I don't get the word I want 
either—between the lead pipe and the iron pipe, due to 
electrical action between the two, and this of course 
would be avoided by covering with tape in iron pipes. 

Mr. Barrett: Mr. Hayes’ report this morning of facts 
observed by him would indicate that there is to a limited 
extent destructive action going on upon the lead pipe even 
in iron conduits. He reported cases of such action as de- 
stroying the lead. 

Mr. Reilly: I have a contrary belief. 

Mr. Hayes: I think there is danger if the conduits are 
leaky in any way that the lead cover will be destroyed by 
any filtration of water carrying organic matter. I think, 
although less likely to occur in iron pipes, still there is a 
danger of its occurring, which will be obviated by the use 
of the cover. I think this would be a very cheap way of 
insuring the life of the cable. 

Mr. Hall: So far as the figures which have been given 
would indicate, they amount to paying perhaps five per 
cent. on the cost of the cables for insurance in this form. 

Mr. Reilly : Y think the point Mr. Farnham wanted to 
bring out was the electrical connection between the iron 
and lead, which I understood Mr. Hayes to say wasin 
favor of the iron; the deposit was from the iron to the 
lead. 

Mr. Hall: That was Mr. Hayes’ statement; at the same 
time Mr. Hayes has also said that his observation shows 
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corrosion in the composition pipe cables laid in iron 
ducts. 

Mr. Reilly: Under certain conditions. In either case 
the covering of the lead pipe would protect it, and for that 
matter protect the iron also, because the electrical action 
would not take place probably through the tape covering. 

Mr. Hall: I should think not. 

Mr. Patterson: The cast-iron conduit in Chicage through 
which the Postal cable was laid has not only a circumfer- 
ential joint but a longitudinal joint, and they were packed 
only with a piece of tar paper on the outside, so that the 
conduit was leaky and subject to infiltration from the 
water. Last year when the office was moved, I think 
about 2,000 feet was drawn out and put into another con- 
duit leading in another direction, and they show no trace 
of corrosion after having been in use four years. 

Mr. Hall: It should be clearly understood that the action 
of the conference as it stands now makes this specification 
apply to all cables. If that is not the intent, then some 
further action should be taken limiting the application of 
the covering and painting. 

Mr. Reilly: Mr. Chairman, it might be put in the form 
of a suggestion. 

Mr. Hall: It is in your hands to be put in any form that 
you think best. 

Mr. Crandall: I would like to ask for information if 
this cable has ever been used through the creosoted wood 
conduit? 

Mr. Reilly: Mr. Chairman, we had a Faraday cable, 
made at Providence, covered with braid, in use in the 
creosoted conduit in Brooklyn for I think about a year. 
The insulation of the conductor was never very good. 

Mr. Crandall: It had a braided jacket? 

Mr. Reilly: It had a braided jacket. The insulation was 
never very good, and we removed the cable on that account. 
The braid seemed to be just as good when we drew it out 
as it was before. 

Mr. Crandall: It was not made on this present plan of 
—. braiding? 

Mr. Reilly: No; this is taping. 
Mr. Wilson: Mr. Chairman, it seems to me that the 
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subject under discussion ought to be putin the form of an 
amendment to our specification and remain applicable 
where deteriorating influences are present or liable to be 
present. Then if we find any indication of such deter- 
ioration we can order that jacketed cable to be used in such 
places. 

Mr. Farnham: Mr. President, it seems to me that a tape 
covering in addition to the prevention of the decay of the 
cable is of some mechanical advantagein preventing cutting 
of the lead that might be injurious. 

Mr. Hall: We have no direct question before us, but 
the point has been raised as to whether or not this clause 
which has been added to the specification providing for 
the covering of the lead is to be understood as applying to 
all cables, that is, cables for all places, or only to those for 
use in wooden conduits. As I said before, the action 
taken now means that it is to be used in all cases. The 
effect of making that specification general is this: that if 
there are cases in which for any reasons it seems to the 
local telephone manager ,unnecessary, or, from peculiar 
conditions, objectionable, the burden of proof is on him to 
show to his directors that that is the case and that the 
clause ought to be omitted from the specification or 
changed. In other words, the companies all know our 
action, and any one who wants to change this will be 
called upon to defend the change. If it is your under- 
standing and your wish that it be left in that shape that 
action will stand; if not, this is the time to present any- 
thing which you may have to offer on that subject. 

Mr. Crandall: In our work in Baltimore and Washing- 
ton we lay our permanent cables in asphalt. Where we 
do lay it in asphalt it would hardly need the covering to 
protect it; but in our drawing-in part of the system we 
should need the covering. 

Mr. Faruham: Mr. President, I would like to ask 
whether the tape matter might not be defined a little 
closer in this respect—the width of the tape, and whether 
or not it should overlap in winding, and possibly whether 
or not it should have the coating of asphalt on each layer 
of tape, and not leave it to the discretion of the manufac- 
turers to coat it once for all on the outside. It seems to 
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me those questions might be open to a considerable differ- 
ence of opinion. 

Mr. Wilson: I think the specifications are very clear on 
that point. 

Mr. Hayes: The specifications are that it should be 
thoroughly saturated. 

Mr. Farnham: If you have the tape wide there would: 
be difficulty in bending the cables; and also on the ques- 
tion whether it should slightly overlap, and whether any 
injury would occur from a pinhole where the crossing of 
the two tapes should take place. 

Mr. Hall : The sense of the Committee is, that this being 
an entirely new departure, the specification should not be 
made so rigid as to bind the manufacturers too closely as 
to the particular way of doing it; that the thing itself 
being accomplished, it could be left to the manufacturers 
and the individual purchasers to work out in practice the 
best width of tape and the best way of putting it on. | 

Mr. Farnham; I should think that would be satis- 
factory. 

Mr. Hall: The Committee on Cable Terminals may not 
be able to present any report for our consideration before 
adjournment, but it will be prepared as soon as possible, 
and will be made a part of the printed proceedings; and 
Mr. Hayes has suggested that it is quite important that we 
should have, if possible, some standard form of lightning 
arrester to be used in connection with these cable termi- 
nals. I told him I thought the Committee on "l'erminals 
would report a standard arrangement and would locate 
by X the position of the lightning arrester, leaving it to 
the individual manager to put in X whatever he thought 
most advisable; it seems to me there is no doubt that that 
is a question of some importance. It is of more import- 
ance than tbe question of lightning arresters for our old 
lines used to be, because it means the introduction of 
possible sources of trouble in connection with working 
our cables; while in our old offices we had lightning ar- 
resters only at the central office where they were acces- 
sible for office men and inspectors, the general practice 
with cables is to have lightning arresters at extreme ends 
of the cable, which means that there are great numbers of 
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lightning arresters at points remote from the office; but if 
I judge rightly the temper of those present, they do not 
want to discuss the question of lightning arresters here to- 
day. Subject to your suggestions, I will appoint Mr. Hayes, 
Mr. Hibbard and Mr. Crandall a Special Committee to 
consider the question of lightning arresters, to 1eport 
either at a future conference or at such an early day as 
they may have reached a conclusion; I will not say an 
unanimous conclusion. If no one objects, that course will 
be taken. 

Mr. Davis has raised the question as to what means there 
are of detecting faults in cables, whether we are to depend 
on tests through the extreme length of the cable, or what 
provision shall be made so that faults in cables may be 
located; and I would like to ask what provision has been 
made for that. I understand that inthe Western Electric 
cable of some years ago, test wires were introduced of 
various lengths so that faults could be located by their use, 
but I don’t know that that practice has been continued. 
How is that, Mr. Patterson? 

Mr. Patterson: That practice has been continued, and 
also put into all our underground and submarine cables. 
In the underground cables the ends are not made accessi- 
ble, though, without opening the joint in the manhole, 
except in case of T joints. 

Mr. Wilson: Mr. Chairman, I will say that we have had 
several defects from mechanical injury through our un- 
derground cable in Chicago during the past year, and we 
have had no difficulty in Jocating the faults by means of 
those wires. 

Mr. Hall: Mr. Davis suggests that it would be well to 
make that a part of the specification—a provision for test 
wires. 

Mr. Faruham: Perhaps there would be no harm, Mr. 
President. Our Company owns at present a method by 
which one test wire going through the entire length of the 
cable is used. By applying a magnet to the outside of the 
sleeve in the manhole the wire is separated at that point; 
the cable sheath or lead covering is not injured, but by the 
action of the magnet through the lead covering an arma- 
ture is operated on the inside. So that in this case a single 
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test wire going through the whole cable takes the place 
of a large number which go a certain distance and end at 
different points. 

Mr. Hall: Mr. Reilly, how is that with the cable made 
by the New York and New Jersey Company; is provision 
made for a test wire? 

Mr. Reilly: No, sir; no provision is made for testing. 

Mr. Hall: It is not necessary? 

Mr. Reilly: We have not found it necessary because we 
have not any cables that fail; but I am willing to second 
Mr. Davis' motion that the wires be put in the cables. I 
think it is a very good provision. 

Mr. Hibbard: Mr. Chairman, I would like to ask Mr. 
Hamilton if it would be possible with ordinary measuring 
instruments to place troubles nearly enough so that the 
use of additional or extra testing wires may be avoided? 

Mr. Hamilton: I think if a record is kept of the cable 
when it is put down that present methods would enable 
one to determine very closely where the fault was, but 
unless that was done I don't think it would be possible. 

Mr. Hibbard: If all of the cables are exactly in accord- 
ance with a certain laid down specification would not the 
only data necessary be its length? In other words, having 
its length, and having a trouble intermediate between the 
terminals, couldn't you follow it closely enough all through 
for all practical purposes? 

Mr. Hamilton: I think in a large majority of cases we 
could, but cases will occur where it would be almost im- 
possible to do so. 

Mr. Patterson: I think it would render it very difficult 
until the cable had reached a point where it could not be 
worked successfully, because the resistance of the fault 
would be so high and vary so much, compared with the 
low resistance of the wire, that the result would not be at 
all accurate. Of course, after the fault had developed 
sufficiently to bring the resistance down to a reasonable 
limit it would be easy to locate it, but before that time the 
cable would fail to work. What is necessary is some 
method of indicating faults when they begin to come in 
so that repairs can be made before the cable fails entirely. 

Mr. Reilly: If there are clearly uninjured wires in the 
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cable, it is not a very difficult matter to get a test as close 
to the fault as it would be with the wires used by the 
Western Electric Company. Mr. Hamilton I think would 
have no difficulty in measuring a loop test and finding 
faults in a cable within fifty feet, if he knew anything 
about the cable. 

Mr. Hamilton: There is one other point in connection 
with the introduction of these test wires, whether they 
would not take up considerable of the room intended for 
the .125 of an inch diameter; whether that would not 
reduce it to some extent. 

Mr. Patterson: No; they are a much smaller gauge, No. 
26 gauge, and only a single covering of cotton, so that they 
 . lie in the spaces between the large wires. 

Mr. Farnham: Mr. President, the electrical measure- 
ment to locate a trouble would have to be close enough to 
determine which side of a certain manhole the trouble 
exists; because it would be an improper thing to cut three 
places, that is, to cut the joint in three different man- 
holes ; and it seems to me that with the small escape 
that you get in cables when you determine that something 
ought to be done, it would be very difficult to locate the 
trouble with our cable close enough to depend upon that 
method of locating trouble. 

Mr. Reilly: As a matter of fact, Mr. Chairman, three or 
four months ago we were testing cables and we knew 
about where the fault was, and we located within 200 feet 
of that point by galvanometer test. 

Mr. Hall: Did it help any to know where it was? 

Mr. Reilly: We wanted to find out how near we could 
come to it. 

Mr. Hibbard: As I understand the Western Electric 
method, it is that if you had a trouble of the loss of insula- 
tion which was light at first you would have to go out 
haphazard and open a manhole and test; and if you did 
not find it in the opening of this joint you would open 
another one until you found a ground or a leak on one of 
the test wires, and then, having found it, you would tear 
between the manholes, or pull out or do anything you 
saw fit. 

Mr. Patterson; That is the way it would be with some 
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cables, because the exact lengthis not only not known, and 
the test wires are made separate for each length, but the 
complete plan is to have the test wires run to the end 
where they are accessible from a terminus, for each of the 
lengths of the cable where we have test wires corresponds 
to its position in the finished cable which it is to occupy, 
and the wires are marked so that you can readily splice 
them together, and tests are made from the terminus. 

Mr. Farnham: In Boston we have at the central office 
end perhaps fifteen or twenty different test wires which 
terminate one for each manhole in the cable; but in our 
case we have had great difficulty in connecting those 
wires at the joints, but in the plan which I described a 
single wire passes through the whole cable which could be 
used for a telephone circuit if needed, and could be opened 
at any joint without injuring the cable. 

Mr. Patterson: There is a way of checking off these 
wires. If any one wire is actually broken or is not spliced 
as it ought to be the capacity test will show it. 

Mr. Hall: I have been told that some economical man- 
agers who are not here are working subscribers to-day on 
these test wires. 

Mr. Reilly: That is in order to keep track of them, I sup- 
pose. 

Mr. Barrett: Mr. Chairman, I suggest that the matter 
be left in-the light of discussion and not be attached to the 
specification. . 

Mr. Davis: If I made any motion, Mr. Chairman, I will 
withdraw it. 

Mr. Hall: Mr. Davis withdraws his motion. 

Mr. Davis: I understand Mr. Reilly seconded it. 

Mr. Reilly: I will withdraw that. After I discovered 
that the Western Electric had a patent on it I was not in 
favor of it. 

Mr. Hall: It is our understanding, then, that we do not 
load up the specification with Western Electric patents. I 
think I heard somebody offer this resolution, that it is the 
opinion of this conference that every cable should be tested 
by a competent electrician as soon as laid and a record 
made of the results, and that such test recoid should be 
made on all cables at least once in each year. 
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Mr. Eckert: I second that. 

Mr. Hall: Mr. Eckert seconds that. I have forgotten 
who made it, but it is before you for consideration. 

Mr. Patterson: I would like to offer an amendment, to 
make the time considerably shorter than a year. I think 
without taking very much time a rough test can be made 
on a cable of several wires in each core which will deter- 
mine in general the condition of the whole core, as often 
as every month or six weeks. 

Mr. Hall: The gentleman offering the resolution put it 
“at least once in each year,” with the belief that that 
would be about all that would ve gotten out of most of the 
busy telephone men. 

Mr. Reilly: I understand Mr. Wilson has an unpatented 
device in Chicago for testing his cables very accurately and 
very rapidly once a month. 

Mr. Wilson: Mr. Chairman, the device which Mr. 
Reilly speaks of was invented by one of our men who has 
charge of our cable measurements, and it consists of a dial 
arrangement made on the plan of these hotel fire-alarm 
apparatus that the Western Electric Company make, and 
we have eight or ten conductors in each cable, where we 
have that many to spare, connected with the studs, and 
the arm which revolves around makes contact with the 
studs and is connected with a galvanometer, and in that 
way, by just simply revolving the iron around and observ- 
ing the spark of light, we can tell whether the distinct 
wires in any cable so connected have fallen below a certain 
insulation resistance. If they have, then we make further 
and more careful tests. We have a large number of our 
wires in a Brooks cable in Chicago, and we frequently 
have to boil out the bells to increase insulation resistance 
of those cables, and this device was gotten up more par- 
ticularly on account of the Brooks system than for any 
other purpose, in order that we might be notified before 
the insulation got so low as to seriously interfere; but it 
really is not a bad scheme for any kind of cable. It en- 
ables us very satisfactorily to make a rough examination 
of all our cables entering the office; and if none of those 
test wires fall below the standard we know we are all 
right. 
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Mr. Hall: It is clearly desirable that the managers of 
telephone companies should keep constantly informed as 
to the condition of their cables, and at the same time in a 
general resolution of this sort we don’t want to ask for 
what isimpossible. If we were to make it, for instance, 
at least once each week, the result would be that probably 
most of the companies would disregard cable tests entirely ; 
they would simply say that something was asked for which 
was impracticable and they could not doit, and they would 
let the thing slide along without doing it at all. What I 
thought might be accomplished by this was a complete 
test for all points and an official record in the files of the 
company at least once in each year of the actual condition 
of every cable in use by the company. If it is thought that 
it is possible to have this official record and test oftener 
than once a year, it can be made once in six months, or 
once in three months. That is a practical matter which 
you are better able than I to judge about; only don't ask 
for something which cannot be enforced. 

Mr. Wilson: Mr. Chairman, I think it reasonable to ask 
the different companies to make those tests once in six 
months. 

. Mr. Hall: You suggest the amendment that they be 
made twice in each year? 

Mr. Wilson: Yes. 

Mr. Hall: It might be worth considering whether it 
would not be advisable to specify the months in which the 
test should be made, so as to have something definite. 

Mr. Crandall: The seasons of the year. 

Mr. Patterson: I think it would be well to have a gen- 
eral understanding as to how the test should be made; for 
instance, that the state of the weather should be taken 
into account and that before each semi-annual test the 
terminals should be cleaned out; as I know I have had a 
good deal of trouble in tracing out faults and deterioration 
in cables, and such reports, where the test originally was 
made in clear, dry cold weather, was followed up a few 
months later by a test made in a very foggy morning 
without any attempt made to clean off the lids of the 
terminals or the connecting studs. Such records as that 

are worse than useless. 
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Mr.Wilson: I suggest, Mr. Chairman, that the months 
be stated as June and December. So far as the cleaning 
of the terminals is concerned I think that the result of a 
test twice a year will lead to such cleaning, and very bene- 
ficial effects on the service. I say June and December be. 
cause those are months in which we would have the two 
extremes of temperature, or nearly so, and they are 
months when as a rule our business will be less hindered 
by work of that kind. I know that would be the case in 
Chicago. 

Mr. Hall: I think that is a very good suggestion. The 
resolution, with that amendment accepted, would stand in 
this way: 


‘Itis the opinion of this Conference that every cable 
should be tested by a competent electrician as soon as laid 
and a record made of the result, and that such test record 
should be made on all cables at least twice in each year, 
and that it is recommended that tests be made in June and 
December.” 


Is there anything further to be said on that resolution? 
If not, those in favor will signify it by saying aye. 
(Carried. ) 

Mr. Hall: The suggestion has been made to me, and I 
think it is a good one, that asmall standing committee be 
appointed to keep the run of special developments in cable 
manufacture or use, to report from time to time, as they 
may deem it necessary, or certainly at our next cable con- 
ference, which I hope will be in the course at least of 
another year; I will appoint as such committee Mr. Bar- 
rett, Mr. Farnham and Mr. Hamilton; and I would sug- 
gest that one of the first things that that committee con- 
siders should be the form of this semi-annual test; that is, 
that the committee get up a blank form to be recom- 
mended for use by the different telephone companies, so 
arranged as to cover the points suggested by Mr. Patter- 
son and others, for the double reason that this will secure 
uniformity in the character of the reports, which is of 
great value for comparative purposes; and will give to all 
who are not present at our meeting an idea of just the 
points which we think it important to have knowledge of. 
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If there be other suggestions in that line I think it would 
be well to offer them for the consideration of the confer- 
ence, and with a view to giving that committee any special 
instructions which may seem desirable. Is there anything 
further that any one present would like to have brought 
up for consideration? 

Mr. Crandall: Mr. Chairman, would it not be well for 
this convention to give its opinion as to the minimum 
size of the ducts to be used in connection with this confer- 
ence cable? 

Mr. Hall: 1t is suggested that it would be desirable for 
this conference to give its opinion as to the minimum size 
of ducts to be laid in future underground work. — 

Mr. Reilly: Mr. Chairman, I am of the opinion that all 
ducts laid in the future should be not less than three inches 
in diameter. 

Mr. Farnham: We have increased the size from two 
and a half to three inches. 

Mr. Reilly: We have decided in Brooklyn to construct 
all our future work three inches. 

Mr. Hall: Mr. Reilly offers a resolution that we recom- 
mend for future construction in underground work the 
use of a duct not less than three inches in diameter. 

Mr. Patterson: I second that motion. 

Mr. Hall: Is there anything to be said on that? 

Mr. Paltersou: Mr. Chairman, I think that the material 
of the conduit will cut a great figure in it, and also the dis- 
tance between the manboles. The size of cable which 
has been adopted could be very easily pulled into a two 
and a half inch duct in lengths of about 400 feet, made of 
almost any material, and considerably longer lengths in 
wood; so of course a three inch duct is of advantage; but 
in some cases the space which the casings would occupy in 
the street would be considerable and that would be a detri- 
ment, and I think that two inches and a half might be 
allowed in many cases. 

Mr. Wilson: Mr. Chairman, if two-inch cables are to be 
used my experience with two and a half inch iron ducts 
would show that that size is entirely adequate to the size 
of cable spoken of. We have no difficulty whatever in 
drawing the two-inch cable into the ducts. 
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Mr. Farnham: Mr. Chairman, I understood when the 
size of the cable was determined upon that there would be 
no objection, so far as the opinion of this council went, to 
increasing the size of that cable providing the electrical 
and mechanical conditions were kept the same; and it 
seems to me that there may be reason to suppose that this 
size of cable may some time be required to be changed 
again, and it seems to me from our own experience thaf a 
duct of three inches in its narrowest part is small enough 
to be recommended. 

Mr. Davis : I would say that if iron pipes are used in 
ducts it very largely increases the cost. . 

Mr. Barrett : Would it increase the cost more than the 
. capacity of the ducts for conductors ? 

Mr. Davis: The difference in the cost of the pipe is some 
six or eight cents a foot, I think. This would increase 
the size of the trench and the size of the manholes. 

Mr. Hall: Mr. Wilson moves that the resolution be laid 
on the table. 

Mr. Hibbard : I second his motion. 

Mr. Hall : It is moved and seconded that the resolution 
lie on the table. Are there any remarks? If not, those 
in favor of that action will signify it by saying aye. 
(Carried.) 

Mr. Patterson: Mr. Chairman, there is another matter 
in this connection which is of as much importance as the 
size of the ducts, and that is the size of the manholes. I 
think as a common thing the manholes are made too 
small rather than the ducts. "The splicing capacity is not 
great enough. I think the tendency now, though, is to 
build them larger, butit is something which I think might 
be spoken of. 

Mr. Hibbard : Mr. Chairman, I think if that matter is 
to be talked of it would be of interest to have on record 
the plan of the manhole which Mr. Wilson is putting in 
in his exchange in Chicago. He leads his duct into a little 
brick extension which is somewhat larger than the diam- 
eter of the hole of the conduit, and in this extension all the 
pipes leading into the hole may be so bent as to enable 
them to fasten them to the wall of the manhole, by the 
time they reach its interior wall itself. It is an enlarge- 
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ment, of course, of the manhole, but it has been my 
observation that much of the room in a manhole is occu- 
pied by the bending of large lead pipes; and if we 
go into the work of putting in these large iron boxes 
for distribution and other work it would seem that it 
is of advantage to economize as much of our room as 
possible. 

. Mr. Hall : Mr. Barrett has a patent on that. ! 

Mr. Hibbard : As an expedient for enlarging the man- 
hole it seems that this is very ingenious and workmanlike. 

Mr. Patterson; I have been trying to get some one to 
build a manhole so that the ducts should be let in at diag- 
onally opposite corners instead of in the middle of one of 
the sides. I think this would enable the manhole to be 
made somewhat smaller and still have as much available 
working capacity, as the cable would not have to be bent 
at such a sharp angle, and you have one long side to do 
the splicing on and not the sharp bend to get from there 
into the opposite duct. 

Mr. Wilson: Where that can be done I think the sug- 
gestion 1s a splendid one. The idea never occurred to me 
until Mr. Patterson suggested it a few days ago, and I 
think we shall adopt that idea in Chicago. Of course, 
in some cases you have got to make your manhole con- 
form to the space that you find for it in the street and 
shape it accordingly; but where it is optional, and you 
want to build a square manhole, I think Mr. Patterson’s 
suggestion is a very good one. In the first place, if you 
build the pockets as Mr. Hibbard has explained that we 
have done in Chicago, there is an advantage in placing the 
pockets in the corner of the manhole rather than midway 
between the sides; you get additional strength. I see no 
disadvantages to the scheme, and it allows a little more 
working room in a manhole where it can be best utilized. 

Mr. Reilly: Mr. Chairman, I think the suggestion is an 
admirable one myself. There is a slight objection to it 
where the small manhole openings are used, in that it 
would be somewhat difficult to draw cables in. The man- 
hole opening would ordinarily be in the centre, and if the 
manhole were large, five or six feet square, it would be 
rather difficult to draw the cable in. 
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Mr. Wilson: I don’t see that it would make any differ- 
ence. 

Mr. Patterson: I have never seen this manhole built, 
but I think there would be as much available space in a 
manhole four feet by six, where the ducts entered diagon- 
ally, asin one six feet square where they entered at the 
middle of one of the sides. 

Mr. Hibbard: There was some talk, I think, this morn- 
ing about explosions and the advisability of ventilating 
manholes, either through the lid or through a pipe leading 
up a pole or up a building. Inasmuch as it appears to be 
one of the objects of a manhole to make a place in which 
wires may be led out as well as in, if an exit pipe is put in 
at the time the manhole is made it would seem that a 
ventilating arrangement is provided for; and I would offer 
a motion that it is the sense of this meeting that it is desir- 
able to ventilate manholes either by a ventilating lid, an 
exit pipe, or both, and that this be done at d time the 
manhole and its ducts are put in. 

Mr. Wilson: I second the motion. 

Mr. Hall: You have heard the motion; are there any 
remarks? If not, those in favor of its passage will signify 
it by saying aye. (Carried.) 

Mr. Farnham : I would like to suggest, Mr. President, 
if it is not too late, that while it is desirable to ventilate 
manholes there would be some objection to having a per- 
forated lid, inasmuch as snow and slush, which we fre- 
quently find in the streets of Boston, would run very 
readily into the manhole. I simply throw it out as a sug- 
gestion. 

Mr. Reilly: If the subscribers have the choice between 
the pipe and the ventilated lid, I imagine most of them 
would take the pipe. 

Mr. Wilson : Mr. Chairman, I think that the question 
of ventilating manholes in a conduit ie a very important 
one, and that when we get into that kind of work we «ill 
find a way in which it may be done practically. It is a 
new subject and we cannot determine just at this time how 
it shall be done, but as to the importance of it there is no 
doubt. Some experiments will have to be tried before you 
will be able to tell how to obtain the best results. In 


123 


Chicago the city has quite an extensive underground 
system entering the City Hall—fire alarm, electric light 
and city telephone wires. The gas came into the City 
Hall in such volume that the whole basement was im- 
pregnated all the time. They adopted a scheme for ven- 
tilating which seems to be an entire success so far as that 
particular place is concerned. The scheme is simply this: 
The wires enter the basement of the building through a 
tunnel large enough for a man to walk through. They 
build a little room around the opening to the tunnel, and 
connect a ventilating flue from that room to the smoke- 
stack which is used in connection with the heating and 
the machinery pertaining to the building. The result is 
that the ventilation seems to be perfect. All the gases are 
carried away, and the effect is very appreciable for a long 
distance from the City Hall in the manholes. They use 
principally, I believe, iron ducts in that particular location, 
two-inch iron ducts, and in those ducts are cables of every 
description with wires. It was somewhat astonishing to 
me to see how far that ventilation would take place 
through those ducts; but it demonstrates that if you have 
got a continuous ventilation twenty-four hours in a day 
all the time that the difficulty from gases will be greatly 
or entirely removed. I don't believe the problem is going 
to be a very difficult one to solve when we get at it. 

Mr. Patterson : I think that proper ventilation of the 
manholes and ducts will be found to materially aid in the 
preservation of the material of the cables. 

Mr. Wilson: My own notion about the thing is, not- 
withstanding the statements that I have heard and the 
experience here in New York, that if we ventilated every 
manhole just by running iron pipes up the side of a 
building, we will find when our system is completed in that 
matter that the difficulties from gas will disappear. That 
is only a prediction. 

Mr. Reilly: Mr. Chairman, I can give you our experi- 
ence in Brooklyn. As I stated before, we have made it a 
point to ventilate the conduits when laid by running pipes 
up to the house-tops, or to poles where we intended to 
make a branch connection. Those conduits have always 
been well ventilated. At two of our central offices where 
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the underground conduits enter we have always had 
trouble in keeping them closed up, and gas would get in 
more or less until we connected pipes between our man- 
holes nearest the office and the elevated railroad column. 
Since that time there is not a trace of gas about either of 
the exchange offices. At our principal central office in 
Brooklyn, where there is a very large tunnel, we have a 
ventilating pipe leading into an idle chimney, and also a 
small flue in the pavement, coming up through the pave- 
ment on the opposite side of the street, and we get very 
good ventilation through the tunnel, so that very little, if 
any, odor of gas gets into the building. 

Mr. Hall: In view of the rather serious explosions 
which have taken place in New York, this matter of ven- 
tilation has lately received very careful consideration by 
the officers of the Subway Company and its engineers, 
and several plans are being tried now. One of them is 
the pipe connected with a chimney stack, which Mr. Wil- 
son speaks of. I think it is the intention to connect a 
pipe from the down-town section of the underground here 
with the chimney-stack of the Steam Heating Company, 
which is an enormously large and enormously high one. 
It is also proposed, and is being tried, to ventilate the 
manholes by connecting short pipes from them to the 
lamp-posts or distributing poles; and another effort has 
been made to ventilate them by putting in blowers, or 
forced circulation. One of those blowers is in operation 
in upper Broadway, and you will find another one in 
operation in the basement of this building. It may inter- 
est you to look into that method. Mr. Beckwith, who 1s 
the engineer of the Subway Company, has been giving 
lately special attention to that matter, and I have no 
doubt he will be very glad to give you individually the 
benefit of his investigations. There can be no doubt as to 
the importance of the matter. 

Mr. Patterson: I think that a little natural draft given 
at frequent manholes, where it can be in operation all the 
time, is preferable to a forced draft, because if you put a 
blower on to a conduit at any one place the first manhole 
that you open beyond stops any action beyond that one 
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point; and it may be open all day where work is going on 
and the gas has a chance to accumulate. 

Mr. Hall; They felt that it was important to try every 
suggestion that promised to overcome the difficulty. It 
would seem as if the use of blowers for forced ventilation 
would be extremely expensive, and I agree with Mr. Pat- 
terson that the efficiency would be somewhat doubtful. 

Is there anything else that any one else desires to have 
considered? 

There is one member of the telephone fraternity who 
was somewhat influential in having this conference 
held, who asked for an invitation, who received it, 
who accepted it and promised to be here, but he was un- 
avoidably detained at the last moment by the préssure of 
other matters, which doubtless were not so important but 
more pressing. He asks me, by telephone, to express to 
you his regret that he has not been able to meet with us 
and his gratification at the success of our meeting. I 
refer to Mr. John E. Hudson, President of the American 
Bell Telephone Company. 

Mr. Patterson: Mr. Chairman, I would like to suggest 
that if possible the specifications as amended and the 
resolutions which have been adopted here be printed for 
circulation without waiting for the complete minutes of 
this meeting, so that we shall not be forgetting what 
action we have taken before we havea chance to verify it. 

Mr. Hall: I think that is a very good suggestion and I 
will undertake to carry it out. 

Mr. Crandall: I would like to request that our Company, 
the Chesapeake and Potomac Telephone Company, be 
furnished with the cable specifications as decided here as 
soon as possible, as it is a matter of importance to us in 
ordering our cable for Baltimore. 

Mr. Hall: That will be furnished to every one just as 
soon as possible after the meeting. 

If there is nothing further to be offered the meeting 
will stand adjourned. 
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REPORT OF COMMITTEE ON CABLE HEADS, 


Mr. E. J. HALL, Jr., 
Chairman Cable Conference, 
New York City. 
DEAR SIR: 
The committee appointed to report upon a standard 
form of cable head, cable box and methods for bridling, 
respectfully submit the following report: 


Cable Heads.—Realizing the importance of having a 
hermetically sealed cable head, it was thought that the 
cast-iron cable head as commonly made, with only one 
joint, and this rendered tight by a rubber packing, was a 
good one. 

It is thought advisable to number the terminals at the 
factory, each twisted pair taking a horizontal pair of ter- 
minals. The numbering is to be stamped on a project- 
ing lip, as shown clearly in Plate 1. The detail of the 
binding posts and all necessary dimensions are shown in 
the working drawing, Plate 1. 


Cable Boaes.— We recommend that. underground cables 
be headed up in the dust and weather proof tower shown 
in Plate 2. A tower of the dimensions shown here is 
capable of distributing four 100-wire cables. This tower is 
made entirely of galvanized sheet iron and iron forgings. 
The doors open on both sides, giving access to all the light- 
ning arresters. 


Bridle Wires.—Bridle wires should be not less than No. 
18 B. & S. gauge, insulated to five-thirty-seconds of an 
inch. For larger-sized bridle wire, the insulation should 
be increased proportionally to the increase of the diameter 
of the wire. 

The bridle wire should be joined to the line wire either by 
solder or by a McIntyre sleeve. When bridle wires are 
soldered to copper line wire, the soldering must be done 


on the free end, as the heating of the line wire by the 
solder softens it and reduces its tensile strength. 

For insulation we would recommend that class of insu- 
lating material known as the rubber insulation, such as 
okonite, kerite and gutta percha, etc. 

The braided covering now frequently used on insulated 
wires for outdoor use is deemed of doubtful benefit, and 
recent observations indicate that the covering is a positive 
detriment to the durability of the insulation. 

Bridle wires should be run through cleats under the 
cross-arms. From the cross-arms to the cable box we 
recognize two good methods for running the bridle wires, 
one through properly made cables having not less than two 
wrappings of tape laid on in reversed layers; and the 
other through long boxes placed along the poles between 
the cross-arms. 


Ground Wires. —W e would recommend that the ground 
wires for the lightning arresters have a conductivity of at 
least three times the couductivity of the line wire. 

This ground wire should be run independently of the 
cable sheath, and be attached to suitable ground-plates 
located in moist earth. When difficulty is experienced in 
obtaining suitable grounds, we would suggest the advisa- 
bility of covering the ground-plate with a considerable 
quantity of powdered charcoal, which serves not only in 
virtue of its conductivity, but by virtue of its retaining 
moisture. 


The committee did not deem it advisable to discuss the 
various forms of lightning arresters now in use, and con- 
sequently no recommendation is made respecting cable 
heads supplied with lightning arresters. 

Respectfully submitted, 
J. C. REILLY. 
C. H. WiLsoN. 
F. A. PICKERNELL. 


IRoN CABLE TOWER. 


The box, which is 30 inches in diameter and about 5 
feet high, is constructed of galvanized sheet iron .041 
inch thick, on a frame of wrought iron 44 inch thick and 
5 inches wide. 

There are double doors on each side of the box which, 
when opened, give easy access to all the lightning arresters. 
These doors are hung on heavy hinges, and are fast- 
ened by turning two handles, one at the top and one at the 
bottom of each door. There is a rubber gasket 1 inch 
wide and 4'; of an inch thick fastened on to the doors to 
render them water-proof when closed. | 

The bottom of the box is boarded up tight, and all the 
holes are closed with beeswax composition. 

The joint between the roof of the box and the pole is 
rendered water-proof by a strip of lead tacked to the pole 
and coming down over the top of the box for three or four 
inches. 

The ducts A, A through which the bridle wire cables 
run are 3 inches in diameter, and slant as shown in the 
drawing. When all the bridle wires have been run, the 
ducts are filled with beeswax composition, thus rendering 
the box water-proof, and effectually préventing the pene- 
tration of water to the apparatus. 

The platform is constructed of 14-inch pine boards, set £ 
of an inch apart, on a frame of wrought iron. There is a 
trap-door in the platform which facilitates getting up to 
the box. The ring around the platform is made of 2 x 2 
x -inch angle iron, supported by four bars of iron 1 inch 
square and 4S inches long. The inside ring is made of 
iron 4 inch thick and 2 inches wide, supported by four bars 
12 inches long. 

The railing around the platform is made of £-inch iron 
pipe, supported on uprights of 2-inch pipe, with a T joint 
on top for connecting the steps with the same. 

The upright which connects the lower cross-arm with the 
rail is made of 14-inch iron pipe. On this pipe the steps 


are securely fastened by suitable clamps. The steps are 
made of wrought iron forgings. 

The ring, railing and cable box are all made so that they . 
go together in halves, so that the tower can be placed on 
any pole after the cross-arms are on. The box is fastened 
together with stove bolts, and no riveting is done on any 
part of the work. This allows of its being taken apart at 
any time, and facilitates packing for shipment. 

The box, platform, rail, etc., are all thoroughly painted, 
inside and out, after the tower is set up on the pole. 

For outside dimensions, see the drawing. 


Iron CABLE HEAD. 


This head is to be made of two castings. One, the 
cover, and the other the box. The joint between the 
cover and the box is to be rendered air-tight by a gasket 
of rubber 4 of an inch thick. This gasket is to be shel- 
laced to the cover. 

The binding posts are to be mounted in the best quality 
of hard rubber. These hard rubber mounts are to be 
screwed into the side of the box as shown. 

The posts are to be numbered clearly on the cover as 
shown in the drawing. 
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